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ĐŽŶĨŽƌƚĞƌ ůĞ ŵŽĚğůĞ ͨdW ƐǁŝƚĐŚͩ ƉƵŝƐƋƵĞ ů͛ŽŶ ŽďƐĞƌǀĞ ĞĨĨĞĐƚŝǀĞŵĞŶƚ ůĞƐ ĚĞƵǆ ĐŽŶĨŽƌŵĂƚŝŽŶƐ͕
ŽƵǀĞƌƚĞƐ Ğƚ ĨĞƌŵĠĞƐ ;&ŝŐƵƌĞ ϱͿ͘ ĞƉĞŶĚĂŶƚ͕ ĐĞƚƚĞ ƚĞĐŚŶŝƋƵĞ ĐŽŵƉŽƌƚĞ ƵŶ ďŝĂŝƐ͗ ůĞƐ ƉƌŽƚĠŝŶĞƐ ŶĞ



























ƉůĂƐŵŝƋƵĞ ŽƵ ĂƵ ŶŝǀĞĂƵ ĚĞƐ ŽƌŐĂŶŝƚĞƐ ƚĞůƐ ƋƵĞ ůĞ ƌĠƚŝĐƵůƵŵ ĞŶĚŽƉůĂƐŵŝƋƵĞ͕ ůĞƐ ƉĞƌŽǆǇƐŽŵĞƐ͕ ůĞƐ
ůǇƐŽƐŽŵĞƐ͕ŽƵĞŶĐŽƌĞůĂŵŝƚŽĐŚŽŶĚƌŝĞ͘/ůƐƐŽŶƚƌĞƐƉŽŶƐĂďůĞƐĚƵƚƌĂŶƐƉŽƌƚĂĐƚŝĨĚ͛ƵŶĞŐƌĂŶĚĞǀĂƌŝĠƚĠĚĞ
ĐŽŵƉŽƐĂŶƚƐ ă ƚƌĂǀĞƌƐ ůĞƐŵĞŵďƌĂŶĞƐ ďŝŽůŽŐŝƋƵĞƐ͕ ƚĞůƐ ƋƵĞ ůĞƐ ĂĐŝĚĞƐ ĂŵŝŶĠƐ Ğƚ ŽůŝŐŽƉĞƉƚŝĚĞƐ͕ ůĞƐ
ƉŽůǇƐĂĐĐŚĂƌŝĚĞƐ͕ůĞƐůŝƉŝĚĞƐ͕ůĞƐŶƵĐůĠŽƐŝĚĞƐ͕ůĞƐŝŽŶƐ͕ůĞĐŚŽůĞƐƚĠƌŽů͕ůĞƐƐƚĠƌŽŢĚĞƐ͕ůĞƐŐůƵĐŽĐŽƌƚŝĐŽŢĚĞƐ͕
ůĞƐŵǇĐŽƚŽǆŝŶĞƐ͕ůĞƐĂŶƚŝďŝŽƚŝƋƵĞƐ͕ůĞƐŵĠƚĂƵǆůŽƵƌĚƐ͕ůĞƐĚƌŽŐƵĞƐ͕ŽƵĞŶĐŽƌĞůĞƐƉŽƌƉŚǇƌŝŶĞƐ;<ƵĐŚůĞƌ͕
























;WͲŐƉ͕ŽƵϭͿ͕DZWϭ ;DƵůƚŝĚƌƵŐZĞƐŝƐƚĂŶĐĞWƌŽƚĞŝŶ͕ ŽƵϭͿŽƵĞŶĐŽƌĞZW ;ƌĞĂƐƚĂŶĐĞƌ
ZĞƐŝƐƚĂŶĐĞWƌŽƚĞŝŶ͕ŽƵ'ϮͿ;ĞŶĚĞƌƌĂĞƚĂů͕͘ϮϬϬϰͿ͘>ĂƐƵƌĞǆƉƌĞƐƐŝŽŶĚĞĐĞƐƚƌĂŶƐƉŽƌƚĞƵƌƐĂƉŽƵƌ
ĞĨĨĞƚĚĞƉƌŽƚĠŐĞƌ ůĞƐĐĞůůƵůĞƐĐĂŶĐĠƌĞƵƐĞƐĐŽŶƚƌĞ ůĞƐĂŐĞŶƚƐĐŚŝŵŝŽƚŚĠƌĂƉĞƵƚŝƋƵĞƐ͕ĞŶ ůĞƐĞǆƉƵůƐĂŶƚ
ŚŽƌƐ ĚĞ ůĂ ĐĞůůƵůĞ͘ ĞƚƚĞ ĐŚŝŵŝŽƌĠƐŝƐƚĂŶĐĞ ĚŝŵŝŶƵĞ ŐƌĂŶĚĞŵĞŶƚ ů͛ĞĨĨŝĐĂĐŝƚĠ ĚĞƐ ƚƌĂŝƚĞŵĞŶƚƐ ĂŶƚŝͲ
ĐĂŶĐĠƌĞƵǆ͘hŶĞĚĞƐĂƉƉƌŽĐŚĞƐƚŚĠƌĂƉĞƵƚŝƋƵĞƐĚƵĐĂŶĐĞƌĐŽŶƐŝƐƚĞăŵĞƚƚƌĞĂƵƉŽŝŶƚĚĞƐŝŶŚŝďŝƚĞƵƌƐ
ƐƉĠĐŝĨŝƋƵĞƐĚĞĐĞƐ ƚƌĂŶƐƉŽƌƚĞƵƌƐ͘ĞƚƚĞĂƉƉƌŽĐŚĞĞƐƚ ƚƌğƐ ĐŽŶƚƌƀůĠĞƉƵŝƐƋƵĞ ůĞƐ ƚƌĂŶƐƉŽƌƚĞƵƌƐ ƐŽŶƚ
ĠŐĂůĞŵĞŶƚ ƉƌĠƐĞŶƚƐ ă ĚĞƐ ĞŶĚƌŽŝƚƐ ƐƚƌĂƚĠŐŝƋƵĞƐ ĚĞ ů͛ŽƌŐĂŶŝƐŵĞŽƶ ŝůƐ ŶĞ ĚŽŝǀĞŶƚ ƉĂƐ ġƚƌĞ ŝŶŚŝďĠƐ͘
ŝĨĨĠƌĞŶƚƐƚǇƉĞƐĚĞĐŽŵƉŽƐĠƐ͕ƚĞůƐƋƵĞ ůĞƐŵĠƚŚŽǆǇͲƐƚŝůďğŶĞƐ;sĂůĚĂŵĞƌŝĞƚĂů͕͘ϮϬϭϮͿ͕ĚŽŶŶĞŶƚĚĞƐ
ƌĠƐƵůƚĂƚƐĞŶĐŽƵƌĂŐĞĂŶƚƐŝŶǀŝƚƌŽƉƵŝƐƋƵ͛ŝůƐƐŽŶƚƐƉĠĐŝĨŝƋƵĞƐĞƚŶŽŶĐǇƚŽƚŽǆŝƋƵĞƐ͘











>ĂƐŽƵƐͲĞǆƉƌĞƐƐŝŽŶĚĞϭ͕ ƚƌĂŶƐƉŽƌƚĞƵƌĚĞƐ ĂĐŝĚĞƐ ŐƌĂƐ ă ůŽŶŐƵĞ ĐŚĂŠŶĞĚĂŶƐ ůĞƐƉĞƌŽǆǇƐŽŵĞƐ͕
ĞŶƚƌĂŠŶĞ ƉĂƌ ĞǆĞŵƉůĞ ƵŶĞ ŵĂůĂĚŝĞ ŶĞƵƌŽůŽŐŝƋƵĞ͕ ů͛ĂĚƌĠŶŽůĞƵĐŽĚǇƐƚƌŽƉŚŝĞ ůŝĠĞ ĂƵ ĐŚƌŽŵŽƐŽŵĞ y




































>Ă ŵƵĐŽǀŝƐĐŝĚŽƐĞ ĞƐƚ ƵŶĞ ŵĂůĂĚŝĞ ŐĠŶĠƚŝƋƵĞ ŵŽŶŽŐĠŶŝƋƵĞ ƋƵŝ ƚŽƵĐŚĞ ĂƵũŽƵƌĚ͛ŚƵŝ ƉƌğƐ ĚĞ
ϲϴϬϬƉĞƌƐŽŶŶĞƐĞŶ&ƌĂŶĐĞĞƚϳϬϬϬϬĚĂŶƐůĞŵŽŶĚĞ͘Ŷ&ƌĂŶĐĞ͕ϮϬϬĞŶĨĂŶƚƐŶĂŝƐƐĞŶƚĐŚĂƋƵĞĂŶŶĠĞ
ĂǀĞĐ ůĂŵƵĐŽǀŝƐĐŝĚŽƐĞ͕ ĐĞƋƵŝ ƌĞƉƌĠƐĞŶƚĞ ĞŶŵŽǇĞŶŶĞ ϭ ŶŽƵǀĞĂƵͲŶĠ ƐƵƌ ϰϱϬϬ͘ /ů Ɛ͛ĂŐŝƚ ĚĞ ůĂ ƉůƵƐ
ĨƌĠƋƵĞŶƚĞĚĞƐŵĂůĂĚŝĞƐŚĠƌĠĚŝƚĂŝƌĞƐƉŽƚĞŶƚŝĞůůĞŵĞŶƚŐƌĂǀĞĚĞů͛ĞŶĨĂŶĐĞĚĂŶƐůĞƐƉŽƉƵůĂƚŝŽŶƐĚ͛ƵƌŽƉĞ
ĚƵ EŽƌĚͲKƵĞƐƚ Ğƚ Ě͛ŵĠƌŝƋƵĞ ĚƵ EŽƌĚ͕ ĚŝƚĞƐ ĐĂƵĐĂƐŝĞŶŶĞƐ͘ ůůĞ ƐĞ ƚƌĂŶƐŵĞƚ ƐĞůŽŶ ƵŶ ŵŽĚĞ
ĂƵƚŽƐŽŵŝƋƵĞ ƌĠĐĞƐƐŝĨ Ğƚ ƚŽƵĐŚĞ ƉƌŝŶĐŝƉĂůĞŵĞŶƚ ůĞƐ ĨŽŶĐƚŝŽŶƐ ƌĞƐƉŝƌĂƚŽŝƌĞ Ğƚ ĚŝŐĞƐƚŝǀĞ͘ 'ƌąĐĞ ĂƵ
ĚĠƉŝƐƚĂŐĞŶĠŽŶĂƚĂůŐĠŶĠƌĂůŝƐĠĞŶ&ƌĂŶĐĞĞŶϮϬϬϮ͕ăůĂƉƌŝƐĞĞŶĐŚĂƌŐĞƉƌĠĐŽĐĞĞƚƉůƵƌŝĚŝƐĐŝƉůŝŶĂŝƌĞĚĞƐ
ƉĂƚŝĞŶƚƐ ĚĂŶƐ ůĞƐ ĞŶƚƌĞƐ ĚĞ ZĞƐƐŽƵƌĐĞƐ Ğƚ ĚĞ ŽŵƉĠƚĞŶĐĞƐ ƉŽƵƌ ůĂDƵĐŽǀŝƐĐŝĚŽƐĞ ;ZDͿ͕ ĂŝŶƐŝ
ƋƵ͛ĂƵǆĂǀĂŶĐĠĞƐƚŚĠƌĂƉĞƵƚŝƋƵĞƐƌĠĂůŝƐĠĞƐĚĂŶƐĚŝĨĨĠƌĞŶƚƐĚŽŵĂŝŶĞƐĚĞƌĞĐŚĞƌĐŚĞ͕ ůĂŵƵĐŽǀŝƐĐŝĚŽƐĞ
Ŷ͛ĞƐƚ ƉůƵƐ ĂƵũŽƵƌĚ͛ŚƵŝ ƵŶĞ ŵĂůĂĚŝĞ ƵŶŝƋƵĞŵĞŶƚ ĚĞ ů͛ĞŶĨĂŶƚ͘ ϱϬй ĚĞƐ ƉĂƚŝĞŶƚƐ ƐŽŶƚ ĂĚƵůƚĞƐ͕ Ğƚ
ů͛ĞƐƉĠƌĂŶĐĞĚĞǀŝĞăůĂŶĂŝƐƐĂŶĐĞĞƐƚƉĂƐƐĠĞĚĞϳĂŶƐĞŶϭϵϲϱăϱϬĂŶƐĞŶϮϬϭϱ͘ĞƐĐŚŝĨĨƌĞƐƐŽŶƚƚƌğƐ














;&ĂƌďĞƌ͕ϭϵϰϯͿ͘ >ĞĐĂƌĂĐƚğƌĞŚĠƌĠĚŝƚĂŝƌĞĚĞ ůĂŵĂůĂĚŝĞĞƚ ƐŽŶŵŽĚĞĚĞ ƚƌĂŶƐŵŝƐƐŝŽŶ ƌĠĐĞƐƐŝĨ ĨƵƌĞŶƚ
ƐƵŐŐĠƌĠƐĞŶϭϵϰϲƉĂƌŶĚĞƌƐĞŶĞƚ,ŽĚŐĞƐ;ŶĚĞƌƐĞŶĂŶĚ,ŽĚŐĞƐ͕ϭϵϰϲͿ͘;ŶĚĞƌƐĞŶĂŶĚ,K'^͕ϭϵϰϲͿ͘
Ŷ ϭϵϰϴ͕ ůĞ ĚŽĐƚĞƵƌ WĂƵů Ěŝ ^ĂŶƚ͛ŐŶĞƐĞ ƌĞŵĂƌƋƵĞ ƵŶĞ ĨƌĠƋƵĞŶĐĞ ĂŶŽƌŵĂůĞŵĞŶƚ ĠůĞǀĠĞ ĚĞ
ĚĠƐŚǇĚƌĂƚĂƚŝŽŶƐĐŚĞǌ ůĞƐ ũĞƵŶĞƐĞŶĨĂŶƚƐĂƚƚĞŝŶƚƐĚĞŵƵĐŽǀŝƐĐŝĚŽƐĞ ůŽƌƐĚ͛ƵŶĞǀĂŐƵĞĚĞĐŚĂůĞƵƌĂƵǆ
ƚĂƚƐͲhŶŝƐ͘/ůĠŵĞƚů͛ŚǇƉŽƚŚğƐĞĚ͛ƵŶĞĂŶŽŵĂůŝĞĚĞĐŽŵƉŽƐŝƚŝŽŶŝŽŶŝƋƵĞĚĂŶƐůĂƐƵĞƵƌ͘͛ĞƐƚĞŶϭϵϱϯ

























>Ğ ŐğŶĞ ŝŵƉůŝƋƵĠ ĚĂŶƐ ůĂŵƵĐŽǀŝƐĐŝĚŽƐĞ ĞƐƚ ůĞ ŐğŶĞ &dZ ;ƌĠĨĠƌĞŶĐĞ E/͗ EDͺϬϬϬϰϵϮ͘ϯͿ͘ /ů ĞƐƚ
ƉŽƐŝƚŝŽŶŶĠ ĂƵ ůŽĐƵƐ ϳƋϯϭ͘Ϯ͕ Đ͛ĞƐƚͲăͲĚŝƌĞ ƐƵƌ ůĞ ďƌĂƐ ůŽŶŐ ĚƵ ĐŚƌŽŵŽƐŽŵĞ ŶΣϳ͕ ĚĂŶƐ ůĂ ƌĠŐŝŽŶ ϯϭ͘Ϯ
;&ŝŐƵƌĞϲͿ͘^ĂƐĠƋƵĞŶĐĞŶƵĐůĠŽƚŝĚŝƋƵĞƐ͛ĠƚĞŶĚĚĞůĂƉŽƐŝƚŝŽŶϭϭϳϰϲϱϳϴϰăůĂƉŽƐŝƚŝŽŶϭϭϳϳϭϱϵϳϭ͕ůƵŝ
ĐŽŶĨĠƌĂŶƚƵŶĞůŽŶŐƵĞƵƌĚĞϮϱϬŬď͘>ĞŐğŶĞ&dZĐŽŶƚŝĞŶƚϮϳĞǆŽŶƐĞƚƐĂƚƌĂŶƐĐƌŝƉƚŝŽŶĐŽŶĚƵŝƚăƵŶ



















ŵŽůĂŝƌĞ ĞƐƚ ĚĞ ϭϲϴϭϰϭŐͬŵŽů ƐŽŝƚ ĞŶǀŝƌŽŶ ϭϳϬŬĂ͘ ůůĞ ĨĂŝƚ ƉĂƌƚŝĞ ĚĞ ůĂ ĨĂŵŝůůĞ ĚĞƐ ƚƌĂŶƐƉŽƌƚĞƵƌƐ





ĚĞ ΕϴϬ ƌĠƐŝĚƵƐ ă ů͛ĞǆƚƌĠŵŝƚĠ EͲƚĞƌŵŝŶĂůĞ Ğƚ ĚĞ ΕϯϬƌĠƐŝĚƵƐ ĞŶ ͲƚĞƌŵŝŶĂů͘ ĞƐ ĚĞƌŶŝğƌĞƐ ŽŶƚ ƵŶĞ
ƐƚƌƵĐƚƵƌĞĚĠƐŽƌĚŽŶŶĠĞ͕ƐĂƵĨĞŶĐĂƐĚ͛ŝŶƚĞƌĂĐƚŝŽŶĂǀĞĐĚ͛ĂƵƚƌĞƐƉƌŽƚĠŝŶĞƐ;,ƵŶƚĞƚĂů͕͘ϮϬϭϯͿ͘
>ĞƐƉƌŽƚĠŝŶĞƐƚƌĂŶƐŵĞŵďƌĂŶĂŝƌĞƐƐŽŶƚƉĂƌƚŝĐƵůŝğƌĞŵĞŶƚĚŝĨĨŝĐŝůĞƐăĠƚƵĚŝĞƌƉĂƌĐƌŝƐƚĂůůŽŐƌĂƉŚŝĞĚƵĨĂŝƚ
ĚĞ ůĂ ĚŝĨĨŝĐƵůƚĠ ă ůĞƐ ƉƌŽĚƵŝƌĞ͕ ŵĂŝƐ ĂƵƐƐŝ ă ŽďƚĞŶŝƌ ƵŶ ĐƌŝƐƚĂů ƋƵŝ ƐŽŝƚ ƐƵĨĨŝƐĂŵŵĞŶƚ ƌĠƐŽůƵƚŝĨ͘
>͛ŚŽŵŽůŽŐŝĞ ĚĞ ƐĠƋƵĞŶĐĞ ƉĞƌŵĞƚ ĚĞ ƉƌĠĚŝƌĞ ůĂ ƐƚƌƵĐƚƵƌĞ ƚƌŝĚŝŵĞŶƐŝŽŶŶĞůůĞ ĚĞ ůĂ ƉƌŽƚĠŝŶĞ &dZ͘
ĞƉĞŶĚĂŶƚ͕ ůĞƐ ĚŽŵĂŝŶĞƐ ƚƌĂŶƐŵĞŵďƌĂŶĂŝƌĞƐ ƐŽŶƚ ƐƉĠĐŝĨŝƋƵĞƐ ĚĞƐ ƚƌĂŶƐƉŽƌƚĞƵƌƐ͕ ƉĂƌ ĐŽŶƐĠƋƵĞŶƚ
ĐĞƚƚĞ ƌĠŐŝŽŶ ĞƐƚ ƉůƵƐ ĚŝĨĨŝĐŝůĞŵĞŶƚ ƉƌĠĚŝĐƚŝďůĞ͘ĞƐŵŽĚğůĞƐ ĚĞ ůĂ ƐƚƌƵĐƚƵƌĞ ƚƌŝĚŝŵĞŶƐŝŽŶŶĞůůĞ ĚĞ ůĂ
ƉƌŽƚĠŝŶĞ&dZƐŽŶƚĚŝƐƉŽŶŝďůĞƐ;&ŝŐƵƌĞϳͿ͘/ůƐŽŶƚĠƚĠĠƚĂďůŝƐĞŶϮϬϬϴƉĂƌŚŽŵŽůŽŐŝĞĚĞƐĠƋƵĞŶĐĞĂǀĞĐ
ůĞ ƚƌĂŶƐƉŽƌƚĞƵƌ  ^Ăǀϭϴϲϲ ;DŽƌŶŽŶ Ğƚ Ăů͕͘ ϮϬϬϴͿ ;^ĞƌŽŚŝũŽƐ Ğƚ Ăů͕͘ ϮϬϬϴͿ Ğƚ ŽŶƚ ƌĠĐĞŵŵĞŶƚ ĠƚĠ
ĞŶƌŝĐŚŝƐ;ĂůƚŽŶĞƚĂů͕͘ϮϬϭϮͿ;ZĂŚŵĂŶĞƚĂů͕͘ϮϬϭϯͿ͘ĞƐƐƚƌƵĐƚƵƌĞƐƚƌŝĚŝŵĞŶƐŝŽŶŶĞůůĞƐƉĞƌŵĞƚƚĞŶƚĚĞ






















ĂĐƚŝǀĠĞ ƉĂƌ ů͛DWĐ͕ ůƵŝͲŵġŵĞ ƌĠŐƵůĠ ƉĂƌ ů͛ĂĚĠŶǇůĂƚĞ ĐǇĐůĂƐĞ ƌĞƐƉŽŶƐĂďůĞ ĚĞ ƐĂ ƐǇŶƚŚğƐĞ͕ Ğƚ ƉĂƌ ůĂ
ƉŚŽƐƉŚŽĚŝĞƐƚĠƌĂƐĞăů͛ŽƌŝŐŝŶĞĚĞƐĂĚĠŐƌĂĚĂƚŝŽŶ͘ >ĂƉŚŽƐƉŚŽƌǇůĂƚŝŽŶĚĞ&dZƉĂƌůĂW<ĂƵŐŵĞŶƚĞƌĂŝƚ
ů͛ŝŶƚĞŶƐŝƚĠĚĞƐĂƌĠƉŽŶƐĞăůĂW<;ĂŚĂŶĞƚĂů͕͘ϮϬϬϭͿ͘
>ĂƉŚŽƐƉŚŽƌǇůĂƚŝŽŶĚƵĚŽŵĂŝŶĞZƐĞŵďůĞĨĂĐŝůŝƚĞƌ ů͛ŽƵǀĞƌƚƵƌĞĚƵĐĂŶĂůĞŶ ŝŶƚĞƌƌŽŵƉĂŶƚ ůĞƐ ůŝĂŝƐŽŶƐ
ĞŶƚƌĞZĞƚEϭ;,ƵŶƚĞƚĂů͕͘ϮϬϭϯͿ͘ĞĐŝƉĞƌŵĞƚƵŶĐŚĂŶŐĞŵĞŶƚĚĞĐŽŶĨŽƌŵĂƚŝŽŶůŝĠăůĂĨŝǆĂƚŝŽŶĚĞƐ
ŵŽůĠĐƵůĞƐĚ͛dW͕ ƐƵĨĨŝƐĂŶƚĞƉŽƵƌĞŶƚƌĂŠŶĞƌ ů͛ŽƵǀĞƌƚƵƌĞĚƵ ĐĂŶĂů ;sĞƌŐĂŶŝ Ğƚ Ăů͕͘ ϮϬϬϱͿ͘ >ĞĚŽŵĂŝŶĞ
EϭĂƵƌĂŝƚƉůƵƐĚ͛ĂĨĨŝŶŝƚĠƉŽƵƌů͛dWƋƵĞůĞĚŽŵĂŝŶĞEϮ͕ĐĞƋƵŝĐŽŶƚƌŝďƵĞƌĂŝƚĂƵŵĂŝŶƚŝĞŶăů͛ĠƚĂƚ



















>Ă ƐǇŶƚŚğƐĞ ĚĞƐ ƉƌŽƚĠŝŶĞƐ ĞƐƚ ƌĠĂůŝƐĠĞ ŐƌąĐĞ ă ů͛ZEŵ͕ ŝŶƚĞƌŵĠĚŝĂŝƌĞ ĞŶƚƌĞ ůĂ ƐĠƋƵĞŶĐĞ ŐĠŶŝƋƵĞ
Ě͛ŝŶƚĠƌġƚ ůŽĐĂůŝƐĠĞ ĚĂŶƐ ůĞ ŶŽǇĂƵ͕ Ğƚ ůĞƐ ƵŶŝƚĠƐ ƚƌĂĚƵĐƚŝŽŶŶĞůůĞƐ ƐŝƚƵĠĞƐ ĚĂŶƐ ůĞ ĐǇƚŽƉůĂƐŵĞ͘ >Ă
ƚƌĂŶƐĐƌŝƉƚŝŽŶĚĞůĂƐĠƋƵĞŶĐĞŐĠŶŝƋƵĞĐŽĚĂŶƚůĂƉƌŽƚĠŝŶĞ&dZĐŽŶĚƵŝƚ͕ĂƉƌğƐŵĂƚƵƌĂƚŝŽŶ͕ăƵŶZEŵ
ĚĞ ϲϭϯϮ Ŷƚ ĐŽŶƚĞŶĂŶƚ ƵŶĞ ƐĠƋƵĞŶĐĞ ĐŽĚĂŶƚĞ ĚĞ ϰϰϰϯ Ŷƚ ;ΑϮ͘ϯ͘ϭƉϰϮͿ͘ >Ă ƚƌĂĚƵĐƚŝŽŶ ĂƐƐŽĐŝĞ ƵŶĞ
ƐƵĐĐĞƐƐŝŽŶ ĚĞ ƚƌŽŝƐ ŶƵĐůĠŽƚŝĚĞƐ ă ƵŶ ƌĠƐŝĚƵ Ě͛ĂĐŝĚĞ ĂŵŝŶĠ͘ ĂŶƐ ůĞ ĐĂƐ ĚĞ &dZ͕ ƉƌŽƚĠŝŶĞ
ƚƌĂŶƐŵĞŵďƌĂŶĂŝƌĞ͕ ůĂ ĐŚĂŠŶĞƉŽůǇƉĞƉƚŝĚŝƋƵĞĂŝŶƐŝŐĠŶĠƌĠĞĞƐƚ ƚƌĂŶƐĨĠƌĠĞĂƵ ĨƵƌĞƚăŵĞƐƵƌĞĚĞ ƐĂ
ƐǇŶƚŚğƐĞ ĚĂŶƐ ůĞ ƌĠƚŝĐƵůƵŵ ĞŶĚŽƉůĂƐŵŝƋƵĞ ;&ŝŐƵƌĞ ϵͿ͘ >Ğ ƌĞƉůŝĞŵĞŶƚ Ɛ͛ĞĨĨĞĐƚƵĞ ĚŽŵĂŝŶĞ ĂƉƌğƐ
ĚŽŵĂŝŶĞ͕ăů͛ĂŝĚĞĚĞƉƌŽƚĠŝŶĞƐĐŚĂƉĞƌŽŶŶĞƐ͕ƚĞůůĞƐƋƵĞ,ƐƉϳϬ;zĂŶŐĞƚĂů͕͘ϭϵϵϯͿ͕,ƐƉϵϬ;>ŽŽĞƚĂů͕͘
ϭϵϵϴͿ͕,ƐƉϰϬ;&ĂƌŝŶŚĂĞƚĂů͕͘ϮϬϬϮͿŽƵĞŶĐŽƌĞůĂĐĂůŶĞǆŝŶĞ;WŝŶĚĞƚĂů͕͘ϭϵϵϰͿ͕ƋƵŝƉƌŽƚğŐĞŶƚůĂƉƌŽƚĠŝŶĞ
ĞŶ ĐŽƵƌƐĚĞ ƐǇŶƚŚğƐĞĚĞ ů͛ĂŐƌĠŐĂƚŝŽŶ͘ ůůĞƐ ũŽƵĞŶƚĠŐĂůĞŵĞŶƚ ůĞ ƌƀůĞĚĞ ĐŽŶƚƌƀůĞƋƵĂůŝƚĠ͘ŝŶƐŝ͕ ůĞƐ
ƉƌŽƚĠŝŶĞƐŵĂůƌĞƉůŝĠĞƐ͕ƌĞƚĞŶƵĞƐĚĂŶƐůĞƌĠƚŝĐƵůƵŵĞŶĚŽƉůĂƐŵŝƋƵĞ͕ƐŽŶƚƵďŝƋƵŝƚŝŶǇůĠĞƐƉƵŝƐĚĠŐƌĂĚĠĞƐ
ƉĂƌ ůĞ ƉƌŽƚĠĂƐŽŵĞ ;:ĞŶƐĞŶ Ğƚ Ăů͕͘ ϭϵϵϱͿ͘ /ů Ă ĠƚĠŵŽŶƚƌĠ ƋƵĞ ůĞƐ ĐŽŵƉůĞǆĞƐ ĂƐƐŽĐŝĠƐ ĂƵZ ;ZͿ
ĚĞƐƚŝŶĠƐ ă ůĂ ĚĠŐƌĂĚĂƚŝŽŶ ƉĞƵǀĞŶƚ ĠŐĂůĞŵĞŶƚ ġƚƌĞ ĚĠŐƌĂĚĠƐ ƉĂƌ ĂƵƚŽƉŚĂŐŝĞ ;&Ƶ ĂŶĚ ^ǌƚƵů͕ ϮϬϬϵͿ͘
ϳϬăϳϱйĚĞƐƉƌŽƚĠŝŶĞƐƐŽŶƚĂŝŶƐŝĚĠŐƌĂĚĠĞƐƉĂƌůĞƐǇƐƚğŵĞĚĞĐŽŶƚƌƀůĞƋƵĂůŝƚĠĚƵZ͕ĐĞƋƵŝƐƵŐŐğƌĞ







'ŽůŐŝ͕ ƉŽƵƌ ƐƵďŝƌ ůĂ ĚĞƌŶŝğƌĞ ĠƚĂƉĞ ĚĞ ŵĂƚƵƌĂƚŝŽŶ Ğƚ ĚŽŶŶĞƌ ŶĂŝƐƐĂŶĐĞ ă ůĂ ĨŽƌŵĞ ͕ ŚĂƵƚĞŵĞŶƚ
ŐůǇĐŽƐǇůĠĞ͘ĞƚƚĞĨŽƌŵĞŵĂƚƵƌĞĚĞůĂƉƌŽƚĠŝŶĞ&dZĞƐƚĨŝŶĂůĞŵĞŶƚĐŽŶĚƵŝƚĞăůĂŵĞŵďƌĂŶĞƉůĂƐŵŝƋƵĞ










































































ĞƐ ŵƵƚĂƚŝŽŶƐ ƉƌĠƐĞŶƚĞƐ ĚĂŶƐ ůĞ ŐğŶĞ &dZ ĞŶƚƌĂŠŶĞŶƚ ĚĞƐ ĞƌƌĞƵƌƐ ĚĞ ƚƌĂĚƵĐƚŝŽŶ ĚĞ ůĂ ƉƌŽƚĠŝŶĞ
;&ŝŐƵƌĞ ϲ ƉϰϮͿ ƋƵŝ ŶĞ ƉŽƵƌƌĂ ĂůŽƌƐ ƉĂƐ ĂƐƐƵƌĞƌ ƐĞƐ ĨŽŶĐƚŝŽŶƐ ďŝŽůŽŐŝƋƵĞƐ ĂƵ ƐĞŝŶ ĚĞ ůĂ ĐĞůůƵůĞ
;ΑϮ͘ϯ͘Ϯ͘ϰƉϰϲͿ͘  ĐĞ ũŽƵƌ͕ ƉůƵƐ ĚĞ ϮϬϬϬ ŵƵƚĂƚŝŽŶƐ ĚƵ ŐğŶĞ &dZ ƐŽŶƚ ƌĠƉĞƌƚŽƌŝĠĞƐ
;ŚƚƚƉ͗ͬͬǁǁǁ͘ŐĞŶĞƚ͘ƐŝĐŬŬŝĚƐ͘ŽŶ͘ĐĂͬͿ͘ ůůĞƐ ƐŽŶƚ ůŽĐĂůŝƐĠĞƐ ƵŶŝĨŽƌŵĠŵĞŶƚ ƚŽƵƚ ĂƵ ůŽŶŐ ĚƵ ŐğŶĞ





























ĚĞ ůĞĐƚƵƌĞ͕ ĐŽŵŵĞ ůĞƐ ŵƵƚĂƚŝŽŶƐ ĚƵ ƐŝƚĞ Ě͛ĠƉŝƐƐĂŐĞ͘ ĞƐ ŵƵƚĂƚŝŽŶƐ ĞŶŐĞŶĚƌĞŶƚ ů͛ĂƉƉĂƌŝƚŝŽŶ
ƉƌĠŵĂƚƵƌĠĞĚ͛ƵŶĐŽĚŽŶƐƚŽƉŶŽƚĠy͘>ĂƉƌŽƚĠŝŶĞĂůŽƌƐŝŶĐŽŵƉůğƚĞĞƐƚĚĠŐƌĂĚĠĞƉĂƌůĞƉƌŽƚĠĂƐŽŵĞĞƚ
ĞƐƚƚŽƚĂůĞŵĞŶƚĂďƐĞŶƚĞĚĞůĂŵĞŵďƌĂŶĞĚĞƐĐĞůůƵůĞƐ͘













>ĞƐŵƵƚĂƚŝŽŶƐ ĚĞ ĐůĂƐƐĞ /// ĞŶŐĞŶĚƌĞŶƚ ƵŶĞ ĂŶŽŵĂůŝĞ ĚĞ ƌĠŐƵůĂƚŝŽŶ ĚĞ ůĂ ƉƌŽƚĠŝŶĞ &dZ͗ ůĞ ĐĂŶĂů








































>͛,ŽŵŵĞ͕ ĚŝƉůŽŢĚĞ͕ ƉŽƐƐğĚĞ ĚĞƵǆ ĞǆĞŵƉůĂŝƌĞƐ ĚĞ ĐŚĂƋƵĞ ĐŚƌŽŵŽƐŽŵĞ͘ ^ĞƵůĞƐ ůĞƐ ĐĞůůƵůĞƐ
ƌĞƉƌŽĚƵĐƚƌŝĐĞƐ͕ŽǀƵůĞƐĞƚƐƉĞƌŵĂƚŽǌŽŢĚĞƐ͕ƐŽŶƚŚĂƉůŽŢĚĞƐ͕ĐĞƋƵŝĐŽŶĚƵŝƚăƌĞĨŽƌŵĞƌůĂĚŝƉůŽŢĚŝĞůŽƌƐ
ĚĞ ůĂ ĨĠĐŽŶĚĂƚŝŽŶ͘ >͛ĞŶĨĂŶƚ ŚĠƌŝƚĞ ĂŝŶƐŝ Ě͛ƵŶ ũĞƵ ĚĞ ĐŚƌŽŵŽƐŽŵĞƐ ƉƌŽǀĞŶĂŶƚ ĚƵ ƉğƌĞ Ğƚ Ě͛ƵŶ ũĞƵ
ƉƌŽǀĞŶĂŶƚĚĞůĂŵğƌĞ͘>ĂŵƵĐŽǀŝƐĐŝĚŽƐĞĞƐƚĂƵƚŽƐŽŵŝƋƵĞƌĠĐĞƐƐŝǀĞ͗ůĞƐĚĞƵǆǀĞƌƐŝŽŶƐĚƵŐğŶĞ&dZ͕














:ƵƐƋƵ͛ĞŶϭϵϲϱ͕ ůĂŵƵĐŽǀŝƐĐŝĚŽƐĞĠƚĂŝƚ ƵŶĞŵĂůĂĚŝĞƉŽƵƌ ůĂƋƵĞůůĞ ů͛ĞƐƉĠƌĂŶĐĞĚĞ ǀŝĞŶ͛ĠƚĂŝƚ ƋƵĞĚĞ
ϳĂŶƐ͘ ƵƐƐŝ͕ ŝů ĞƐƚ ƐƵƌƉƌĞŶĂŶƚ ĚĞ ĐŽŶƐƚĂƚĞƌ ůĂ ƉĞƌƐŝƐƚĂŶĐĞ ĚĞƐ ŵƵƚĂƚŝŽŶƐ ĚƵ ŐğŶĞ &dZ ĚĂŶƐ ůĞƐ
ƉŽƉƵůĂƚŝŽŶƐ͘ĞĐŝĂĐŽŶĚƵŝƚůĞƐĐŚĞƌĐŚĞƵƌƐăŵĞŶĞƌĚĞƐĠƚƵĚĞƐƉŽƵƌƐĂǀŽŝƌƋƵĞůĂǀĂŶƚĂŐĞƐĠůĞĐƚŝĨĠƚĂŝƚ
ĐŽŶĨĠƌĠĂƵǆƉŽƌƚĞƵƌƐƐĂŝŶƐ͘/ůƐŽŶƚƚŽƵƚĚ͛ĂďŽƌĚĠŵŝƐů͛ŚǇƉŽƚŚğƐĞƐĞůŽŶůĂƋƵĞůůĞƵŶĞŵƵƚĂƚŝŽŶĂƵŶŝǀĞĂƵ










ŶĠĂŶŵŽŝŶƐ ƋƵ͛ƵŶĞ ƉƌŽƚĞĐƚŝŽŶ ĐŽŶƚƌĞ ůĂ ƚƵďĞƌĐƵůŽƐĞ ůĞ ƉƵŝƐƐĞ ;WŽŽůŵĂŶ ĂŶĚ 'ĂůǀĂŶŝ͕ ϮϬϬϳͿ͘ ĞƚƚĞ
ĚĞƌŶŝğƌĞƐĞƌĂŝƚĚƵĞăƵŶĞƌĠĚƵĐƚŝŽŶĚĞů͛ĂĐƚŝǀŝƚĠĞŶǌǇŵĂƚŝƋƵĞĚĞů͛ĂƌǇůƐƵůĨĂƚĂƐĞ͕ĞŶĐŽƌĞĐŽŶŶƵĞƐŽƵƐ
ůĞ ŶŽŵ ĚĞ EͲĂĐĞƚǇů ŐĂůĂĐƚŽƐĂŵŝŶĞ ϰͲƐƵůĨĂƚĂƐĞ͕ ĚĂŶƐ ůĞƐ ůĞƵĐŽĐǇƚĞƐ ĚĞ ƉĂƚŝĞŶƚƐ ŵƵĐŽǀŝƐĐŝĚŽƐŝƋƵĞƐ









>Ğ ĚĠƉŝƐƚĂŐĞ ŶĠŽŶĂƚĂů ĞƐƚ ŐĠŶĠƌĂůŝƐĠ ĞŶ &ƌĂŶĐĞ ĚĞƉƵŝƐ ϮϬϬϮ Ğƚ ƉĞƌŵĞƚ ĂŝŶƐŝ ƵŶ ƐƵŝǀŝ ƉƌĠĐŽĐĞ ĚĞƐ
ƉĂƚŝĞŶƚƐ͕ ĐŽŶƚƌŝďƵĂŶƚ ĚĞŵĂŶŝğƌĞ ƐŝŐŶŝĨŝĐĂƚŝǀĞ ă ů͛ĂƵŐŵĞŶƚĂƚŝŽŶ ĚĞ ů͛ĞƐƉĠƌĂŶĐĞ ĚĞ ǀŝĞ͘ /ů ĐŽŶƐŝƐƚĞ ă
ƌĠĂůŝƐĞƌƵŶĚŽƐĂŐĞĚĞƚƌǇƉƐŝŶĞ ŝŵŵƵŶŽƌĠĂĐƚŝǀĞ;d/ZͿĚĂŶƐ ůĞƐĂŶŐăƋƵĞůƋƵĞƐ ũŽƵƌƐĚĞǀŝĞ͘ŶĞĨĨĞƚ͕
ĐĞƚƚĞƉƌŽƚĠŝŶĞĞƐƚƉůƵƐĂďŽŶĚĂŶƚĞĐŚĞǌ ůĞƐŶŽƵǀĞĂƵͲŶĠƐƉƌĠƐĞŶƚĂŶƚƵŶĞ ŝŶƐƵĨĨŝƐĂŶĐĞƉĂŶĐƌĠĂƚŝƋƵĞ͘
hŶĞƌĞĐŚĞƌĐŚĞĚĞƐŵƵƚĂƚŝŽŶƐůĞƐƉůƵƐĨƌĠƋƵĞŶƚĞƐĚƵŐğŶĞ&dZĞƐƚĞŶƐƵŝƚĞĞĨĨĞĐƚƵĠĞƉŽƵƌĚŝƐƚŝŶŐƵĞƌ



























ŐĠŶĠƌĂůĞŵĞŶƚ ĂƐƐŽĐŝĠƐ ă ƵŶ ƉŚĠŶŽƚǇƉĞ ƐĠǀğƌĞ͘ ĞƵǆ ƋƵŝ ĐŽŶƚŝĞŶŶĞŶƚ ĂƵ ŵŽŝŶƐ ƵŶĞ ŵƵƚĂƚŝŽŶ





ĞƉĞŶĚĂŶƚ͕ ůĞ ƌƀůĞĚĞ ů͛ĞŶǀŝƌŽŶŶĞŵĞŶƚĞƐƚăƉƌĞŶĚƌĞĞŶĐŽŶƐŝĚĠƌĂƚŝŽŶ͘ŶĞĨĨĞƚ͕ ůĞƐŵĂŶŝĨĞƐƚĂƚŝŽŶƐ






































>͛ĠƉŝƚŚĠůŝƵŵ ƌĞƐƉŝƌĂƚŽŝƌĞ Ɛ͛ĠƚĞŶĚ ĚĞƐ ĐĂǀŝƚĠƐ ŶĂƐĂůĞƐ ĂƵǆ ĂůǀĠŽůĞƐ͕ ĞŶ ƉĂƐƐĂŶƚ ƉĂƌ ůĂ ƚƌĂĐŚĠĞ͕ ůĞƐ
ďƌŽŶĐŚĞƐ Ğƚ ůĞƐ ďƌŽŶĐŚŝŽůĞƐ ;&ŝŐƵƌĞ ϭϴͿ͘ ^Ă ĐŽŵƉŽƐŝƚŝŽŶ ĐĞůůƵůĂŝƌĞ ĞƐƚ ĚŝĨĨĠƌĞŶƚĞ ƚŽƵƚ ĂƵ ůŽŶŐ ĚƵ
ƉĂƌĐŽƵƌƐ ĚĞ ů͛Ăŝƌ͘ >ĞƐ ĂůǀĠŽůĞƐ ƐŽŶƚ ĐĂƌĂĐƚĠƌŝƐĠĞƐ ƉĂƌ ƵŶĞ ƉĂƌŽŝ ƚƌğƐ ĨŝŶĞ͕ ƉĞƌŵĞƚƚĂŶƚ ůĞƐ ĠĐŚĂŶŐĞƐ
ŐĂǌĞƵǆĞƚů͛ĂƐƐŝŵŝůĂƚŝŽŶĚĞů͛ŽǆǇŐğŶĞŶĠĐĞƐƐĂŝƌĞăů͛ŽƌŐĂŶŝƐŵĞ͘>͛ĂŝƌĞƐƚƉƵƌŝĨŝĠĞŶĂŵŽŶƚĚĞƐĂůǀĠŽůĞƐ
Ğƚ ĚğƐ ƐŽŶ ĞŶƚƌĠĞ ĚĂŶƐ ůĞ ƚƌĂĐƚƵƐ ƌĞƐƉŝƌĂƚŽŝƌĞ͕ ŐƌąĐĞ ĂƵ ƉŚĠŶŽŵğŶĞ ĚĞ ĐůĂŝƌĂŶĐĞ ŵƵĐŽĐŝůŝĂŝƌĞ͘




ƉĂƌƚŝĐŝƉĞŶƚ ă ůĂ ƉƌŽĚƵĐƚŝŽŶ ĚƵŵƵĐƵƐ͕ ƚĂŶĚŝƐ ƋƵĞ ůĞ ďĂƚƚĞŵĞŶƚ ĐŽŽƌĚŽŶŶĠ ĚĞƐ ĐŝůƐ ŐĠŶğƌĞ ƵŶ ĨůƵǆ
ĚŝƌĞĐƚŝŽŶŶĞůƉĞƌŵĞƚƚĂŶƚů͛ĠǀĂĐƵĂƚŝŽŶĚƵŵƵĐƵƐǀĞƌƐůĞĐĂƌƌĞĨŽƵƌĂĠƌŽͲĚŝŐĞƐƚŝĨ;&ŝŐƵƌĞϭϵͿ͘>ĞŵƵĐƵƐ
ĞƐƚƵŶĞƐƵďƐƚĂŶĐĞĐŽŵƉŽƐĠĞăϵϱйĚ͛ĞĂƵĞƚĚ͛ĠůĞĐƚƌŽůǇƚĞƐ͕ŝůĐŽŶƚŝĞŶƚĠŐĂůĞŵĞŶƚĚĞƐƉƌŽƚĠĂƐĞƐĞƚĂŶƚŝͲ




















ƉŚĂŐŽĐǇƚŽƐĞ͘ ĞƚƚĞ ĐŽůŽŶŝƐĂƚŝŽŶ͕ ƉĂƌ ĂŝůůĞƵƌƐ ĨĂǀŽƌŝƐĠĞ ƉĂƌ ůĂ ĚŝŵŝŶƵƚŝŽŶ ĚĞƐ ƉƌŽƉƌŝĠƚĠƐ







ĐŽŶĚƵŝƐĂŶƚ ă ůĞƵƌ ƌĞŵŽĚĞůĂŐĞ Ğƚ ă ůĂ ĚŝŵŝŶƵƚŝŽŶ ĚĞ ůĂ ƉƌŽƉŽƌƚŝŽŶ ĚĞ ĐĞůůƵůĞƐ ĐŝůŝĠĞƐ͘ >͛ĂƚƚĞŝŶƚĞ






















>ĞƐ ƚƌĂŝƚĞŵĞŶƚƐ ĂĐƚƵĞůƐ ǀŝƐĞŶƚ ĞƐƐĞŶƚŝĞůůĞŵĞŶƚ ůĞƐ ƐǇŵƉƚƀŵĞƐ ĚĞƐ ĚĞƵǆ ĂƚƚĞŝŶƚĞƐ ǀŝƚĂůĞƐ ĚĞ ůĂ
ŵƵĐŽǀŝƐĐŝĚŽƐĞ͗ƌĞƐƉŝƌĂƚŽŝƌĞĞƚĚŝŐĞƐƚŝǀĞ͘'ƌąĐĞăƵŶĞĂůŝŵĞŶƚĂƚŝŽŶĠƋƵŝůŝďƌĠĞ͕ŚǇƉĞƌĐĂůŽƌŝƋƵĞ͕ƌŝĐŚĞ
ĞŶƐĞůĞƚ ĐŽŵƉůĠŵĞŶƚĠĞƉĂƌĚĞƐǀŝƚĂŵŝŶĞƐĞƚĚĞƐĞǆƚƌĂŝƚƐƉĂŶĐƌĠĂƚŝƋƵĞƐŐĂƐƚƌŽƌĠƐŝƐƚĂŶƚƐ ;ƌĠŽŶ®Ϳ͕
ů͛ŝŶƐƵĨĨŝƐĂŶĐĞ ĚŝŐĞƐƚŝǀĞ ĞƐƚ ĐŽŵƉĞŶƐĠĞ ;§Ϯ͘ϰ͘ϲ͘Ϯ ƉϱϯͿ͘ /ů ĞƐƚ ƚƌğƐ ŝŵƉŽƌƚĂŶƚ Ě͛ĂǀŽŝƌ ƵŶ ďŽŶ ĂƉƉŽƌƚ
ĐĂůŽƌŝƋƵĞƉŽƵƌĨŽƵƌŶŝƌů͛ĠŶĞƌŐŝĞŶĠĐĞƐƐĂŝƌĞăůĂƌĞƐƉŝƌĂƚŝŽŶŵĂŝƐĂƵƐƐŝăůĂůƵƚƚĞĐŽŶƚƌĞůĞƐƉĂƚŚŽŐğŶĞƐ͘
>ŽƌƐƋƵĞ ů͛ĠƚĂƚ ƌĞƐƉŝƌĂƚŽŝƌĞ Ɛ͛ĂŐŐƌĂǀĞ͕ ůĞƐ ŵĠĚĞĐŝŶƐ ŽŶƚ ƌĞĐŽƵƌƐ ă ĚĞƐ ĐŽŵƉůĠŵĞŶƚƐ ŶƵƚƌŝƚŝŽŶŶĞůƐ
ĂĚŵŝŶŝƐƚƌĠƐ ƉĂƌ ǀŽŝĞ ŽƌĂůĞ ŽƵ ƉĂƌ ŶƵƚƌŝƚŝŽŶ ĞŶƚĠƌĂůĞ ŐƌąĐĞ ă ƵŶĞ ƐŽŶĚĞ ŶĂƐŽŐĂƐƚƌŝƋƵĞ ŽƵ ƵŶĞ
ŐĂƐƚƌŽƐƚŽŵŝĞ͘
>͛ĂƚƚĞŝŶƚĞ ƌĞƐƉŝƌĂƚŽŝƌĞ ĞƐƚ ƚƌĂŝƚĠĞ ƋƵŽƚŝĚŝĞŶŶĞŵĞŶƚ ƉĂƌ ĚĞƐ ƐĠĂŶĐĞƐ ĚĞ ŬŝŶĠƐŝƚŚĠƌĂƉŝĞ ƌĞƐƉŝƌĂƚŽŝƌĞ͕
ĂŝĚĠĞƉĂƌůĞƐĂĐƚŝǀŝƚĠƐƐƉŽƌƚŝǀĞƐ͕ĞƚƉĂƌĚĞƐĂĠƌŽƐŽůƐĚĞĨůƵŝĚŝĨŝĂŶƚƐďƌŽŶĐŚŝƋƵĞƐŽƵĚ͛ĂŶƚŝďŝŽƚŝƋƵĞƐ͘>Ğ
ĚƌĂŝŶĂŐĞďƌŽŶĐŚŝƋƵĞƉĞƌŵĞƚĚĞǀĞŶƚŝůĞƌůĞƉŽƵŵŽŶĞƚĚ͛ĠǀĂĐƵĞƌůĞŵƵĐƵƐ͕ĂĨŝŶĚ͛ĂŝĚĞƌůĞƐĐŝůƐǀŝďƌĂƚŝůĞƐ
ƉĞƵ ĞĨĨŝĐĂĐĞƐ͘ ŽŵŵĞƌĐŝĂůŝƐĠ ĞŶ &ƌĂŶĐĞ ĞŶ ϭϵϵϰ͕ ůĞ ƉƌĞŵŝĞƌ ŵĠĚŝĐĂŵĞŶƚ ƐƉĠĐŝĨŝƋƵĞ ĚĞ ůĂ
ŵƵĐŽǀŝƐĐŝĚŽƐĞĞƐƚƵŶ ĨůƵŝĚŝĨŝĂŶƚďƌŽŶĐŚŝƋƵĞĐŽŶŶƵƐŽƵƐ ůĞŶŽŵĚĞƌŚEƐĞ ;WƵůŵŽǌǇŵĞ®Ϳ͘ /ů Ɛ͛ĂŐŝƚ
Ě͛ƵŶĞ EĂƐĞ ƌĞĐŽŵďŝŶĂŶƚĞ ŚƵŵĂŝŶĞ ƋƵŝ ĚĠŐƌĂĚĞ ů͛E ĞǆƚƌĂĐĞůůƵůĂŝƌĞ ;§Ϯ͘ϰ͘ϲ͘ϯ ƉϱϰͿ͘ WĂƌŵŝ ůĞƐ
ĨůƵŝĚŝĨŝĂŶƚƐďƌŽŶĐŚŝƋƵĞƐ͕ŝůĞǆŝƐƚĞĠŐĂůĞŵĞŶƚůĞƐĠƌƵŵƐĂůĠŚǇƉĞƌƚŽŶŝƋƵĞ͕ƋƵŝĐƌĠĞƵŶĂƉƉĞůĚ͛ĞĂƵŚŽƌƐ





WƌŝƐ ĚĂŶƐ ůĞƵƌ ŐůŽďĂůŝƚĠ͕ ĐĞƐ ƚƌĂŝƚĞŵĞŶƚƐ ƐŽŶƚ ůŽƵƌĚƐ͕ ĐĞ ƋƵŝ ƉŽƵƌƌĂŝƚ ĞǆƉůŝƋƵĞƌ ƵŶĞ ĂĚŚĠƐŝŽŶ
ƚŚĠƌĂƉĞƵƚŝƋƵĞ Ğƚ ƵŶĞ ŽďƐĞƌǀĂŶĐĞ ŶŽŶ ŽƉƚŝŵĂůĞ͕ ĠǀĂůƵĠĞ ă ϱϬй͕ ĂůůĂŶƚ ĚĞ ϯϬ ă ϳϬй ƐĞůŽŶ ůĞƐ
ƚƌĂŝƚĞŵĞŶƚƐ͘ĞƐƌĞĐŚĞƌĐŚĞƐǀŝƐĞŶƚĠŐĂůĞŵĞŶƚăĂŵĠůŝŽƌĞƌůĞĐŽŶĚŝƚŝŽŶŶĞŵĞŶƚĚĞƐŵĠĚŝĐĂŵĞŶƚƐĚĞ












ƉĂƌ ůĂƌĞĐŚĞƌĐŚĞƚƌĂŶƐůĂƚŝŽŶŶĞůůĞ͘>ĞƐƚŚĠŵĂƚŝƋƵĞƐĚĞƌĞĐŚĞƌĐŚĞ ůŝĠĞƐă ůĂŵƵĐŽǀŝƐĐŝĚŽƐĞƐŽŶƚĂƵƐƐŝ























ĞƐ ƚƌĂǀĂƵǆ ŽŶƚ ƉƌĠĐĠĚĞŵŵĞŶƚ ŵŽŶƚƌĠ ƋƵĞ ůĂ ůĂĐƚŽĨĞƌƌŝŶĞ Ğƚ ů͛ŚǇƉŽƚŚŝŽĐǇĂŶŝƚĞ ;K^EͲͿ






ƚĞƐƚĠ ŝŶ ǀŝƚƌŽ ĂǀĞĐ ƐƵĐĐğƐ ƐƵƌ ĚŝĨĨĠƌĞŶƚĞƐ ƐŽƵĐŚĞƐ͕ ƚĞůůĞƐ ƋƵĞWƐĞƵĚŽŵŽŶĂƐ ĂĞƌƵŐŝŶŽƐĂ͕ŵĂŝƐ ĂƵƐƐŝ


























ϮϬϭϮͿ͘ ĞƚƚĞ ĐĂƌĂĐƚĠƌŝƐƚŝƋƵĞ ĞƐƚ ƉĂƌƚŝĐƵůŝğƌĞŵĞŶƚ ŝŶƚĠƌĞƐƐĂŶƚĞ ĚĂŶƐ ůĞ ĐĂĚƌĞ ĚĞ ůĂ ŵƵĐŽǀŝƐĐŝĚŽƐĞ͕
ƉƵŝƐƋƵĞůĞƐďĂĐƚĠƌŝĞƐƋƵŝĐŽůŽŶŝƐĞŶƚůĞƐǀŽŝĞƐƌĞƐƉŝƌĂƚŽŝƌĞƐƉƌĠƐĞŶƚĞŶƚƐŽƵǀĞŶƚƵŶƉŚĠŶŽƚǇƉĞŵƵĐŽŢĚĞ
ĂǀĞĐƵŶĞƐƵƌĞǆƉƌĞƐƐŝŽŶĚ͛ĂůŐŝŶĂƚĞƐƋƵŝĨĂĐŝůŝƚĞůĂĨŽƌŵĂƚŝŽŶĚĞďŝŽĨŝůŵ͘ĞƚƚĞĐŽŵŵƵŶĂƵƚĠĂĚŚĠƌĞŶƚĞ







>ĂƚŚĠƌĂƉŝĞƉƌŽƚĠŝƋƵĞǀŝƐĞăĐŽƌƌŝŐĞƌ ůĞƐĚĠĨĂƵƚƐĚĞ ůĂƉƌŽƚĠŝŶĞĞƚă ůĂƌĞŶĚƌĞƉƌĠƐĞŶƚĞĞŶƋƵĂŶƚŝƚĠ
ƐƵĨĨŝƐĂŶƚĞăůĂŵĞŵďƌĂŶĞĐĞůůƵůĂŝƌĞĞƚĨŽŶĐƚŝŽŶŶĞůůĞ͘KŶĚŝƐƚŝŶŐƵĞĂŝŶƐŝĚĞƵǆƚǇƉĞƐĚĞŵŽůĠĐƵůĞƐ͗ůĞƐ
ĐŽƌƌĞĐƚĞƵƌƐĞƚůĞƐĂĐƚŝǀĂƚĞƵƌƐ͘>ĞƐĐŽƌƌĞĐƚĞƵƌƐƉĞƌŵĞƚƚĞŶƚăůĂƉƌŽƚĠŝŶĞ&dZĚĞƌĞũŽŝŶĚƌĞůĂŵĞŵďƌĂŶĞ
ƉůĂƐŵŝƋƵĞ Ğƚ ĂƵŐŵĞŶƚĞŶƚ ĂŝŶƐŝ ůĂ ƋƵĂŶƚŝƚĠ ĚĞ &dZ ă ůĂ ŵĞŵďƌĂŶĞ͕ ƚĂŶĚŝƐ ƋƵĞ ůĞƐ ƉŽƚĞŶƚŝĂƚĞƵƌƐ





ĞƉƵŝƐ ϮϬϭϮ ĂƵǆ ƚĂƚƐͲhŶŝƐ Ğƚ ϮϬϭϯ ĞŶ ƵƌŽƉĞ͕ ůĂ ƉƌĞŵŝğƌĞ ŵŽůĠĐƵůĞ ƉŚĂƌŵĂĐĞƵƚŝƋƵĞ ĐŝďůĂŶƚ ůĞ
ĚǇƐĨŽŶĐƚŝŽŶŶĞŵĞŶƚĚĞůĂƉƌŽƚĠŝŶĞ&dZĞƐƚăĚŝƐƉŽƐŝƚŝŽŶĚĞƐƉĂƚŝĞŶƚƐ͘syϳϳϬ͕ĠŐĂůĞŵĞŶƚĐŽŶŶƵƐŽƵƐ
ůĞ ŶŽŵĚ͛/ǀĂĐĂĨƚŽƌ Ğƚ ĐŽŵŵĞƌĐŝĂůŝƐĠ ƐŽƵƐ ůĞ ŶŽŵĚĞ <ĂůǇĚĞĐŽ® ƉĂƌ sĞƌƚĞǆWŚĂƌŵĂĐĞƵƚŝĐĂůƐ ĞƐƚ ƵŶ
ƉŽƚĞŶƚŝĂƚĞƵƌŽƵĂĐƚŝǀĂƚĞƵƌĚƵ&dZ͘/ůĐŽŶĐĞƌŶĂŝƚăů͛ŽƌŝŐŝŶĞϮăϰйĚĞƐƉĂƚŝĞŶƚƐ͕ƉŽƌƚĞƵƌƐĚ͛ĂƵŵŽŝŶƐ























ŵŽŶƚƌĠ ƋƵ͛ĞůůĞ ĠƚĂŝƚ ĐĂƉĂďůĞ ĚĞ ĐŽƌƌŝŐĞƌ ŝŶ ǀŝƚƌŽ ůĞƐ ĞĨĨĞƚƐ ĚĞ ůĂŵƵƚĂƚŝŽŶ ĚĞů&ϱϬϴ ƐƵƌ ůĞƐ ƉĂƚŝĞŶƚƐ
ŚŽŵŽǌǇŐŽƚĞƐ͕ĞƚĐĞůĂ͕ĚğƐϯͲϰũŽƵƌƐĚĞƚƌĂŝƚĞŵĞŶƚ͘ĞƚĞĨĨĞƚĂĠƚĠĐŽŶĨŝƌŵĠŝŶǀŝǀŽĐŚĞǌů͛ĂŶŝŵĂů;EŽƌĞǌ
ĞƚĂů͕͘ϮϬϬϵͿ͘DĂůŚĞƵƌĞƵƐĞŵĞŶƚ͕ůĞƐĞƐƐĂŝƐĐůŝŶŝƋƵĞƐƋƵŝŽŶƚƐƵŝǀŝŶ͛ŽŶƚƉĂƐĠƚĠĐŽŶĐůƵĂŶƚƐĞƚŶ͛ŽŶƚƉĂƐ





































ĚŝĨĨĠƌĞŶƚƐ ǀĞĐƚĞƵƌƐ͘ ĞƚƚĞ ĚĞƌŶŝğƌĞ ĂƉƉƌŽĐŚĞ ĞƐƚ ƉĂƌƚŝĐƵůŝğƌĞŵĞŶƚ ĂƚƚƌĂǇĂŶƚĞ ĐĂƌ ĞůůĞ ŽĨĨƌĞ









>ĞƐ ĚŝĨĨĠƌĞŶƚƐ ĞƐƐĂŝƐ ĐůŝŶŝƋƵĞƐ ĂŝŶƐŝ ƋƵĞ ůĞƵƌƐ ƌĠƐƵůƚĂƚƐ ŽŶƚ ĠƚĠ ƌĞĐĞŶƐĠƐ ƐƵƌ ĐĞ ƐŝƚĞ ŝŶƚĞƌŶĞƚ
ŚƚƚƉ͗ͬͬǁǁǁ͘ĐĨŐĞŶĞƚŚĞƌĂƉǇ͘ŽƌŐ͘ƵŬͬŐĞŶĞƚŚĞƌĂƉǇͬĂƌƚŝĐůĞͬ&ͺ'ĞŶĞͺdŚĞƌĂƉǇͺůŝŶŝĐĂůͺdƌŝĂůƐ͘>ĂƚŚĠƌĂƉŝĞ


















ƚŝƐƐƵƐ ŽĐƵůĂŝƌĞƐ͘ /ůƐ ƐŽŶƚ ĐŽŶƐƚŝƚƵĠƐ Ě͛ƵŶĞ ĐĂƉƐŝĚĞ ƉƌŽƚĠŝƋƵĞ ŝĐŽƐĂĠĚƌŝƋƵĞ ƋƵŝ ƉƌŽƚğŐĞ ƵŶ ĐƈƵƌ
ŶƵĐůĠŽƉƌŽƚĠŝƋƵĞ;&ŝŐƵƌĞϮϱͿ͘ĞƐǀŝƌƵƐăEĚŽƵďůĞďƌŝŶŽŶƚƵŶŐĠŶŽŵĞĚĞϯϲŬďŽƌŐĂŶŝƐĠĞŶƵŶŝƚĠƐ















ƋƵŝ ůŝďğƌĞ ůĞ ĐŽŵƉůĞǆĞ ŶƵĐůĠŽƉƌŽƚĠŝƋƵĞ ĚĂŶƐ ůĞ ĐǇƚŽƉůĂƐŵĞ ;&ŝŐƵƌĞ ϮϲͲϮͿ͘ >ĞƐ ŚĞǆŽŶƐ͕ ĂƵƚƌĞƐ
ĐŽŵƉŽƐĂŶƚƐĚĞůĂĐĂƉƐŝĚĞ͕ƐĞĨŝǆĞŶƚĂůŽƌƐĂƵĐŽŵƉůĞǆĞĚƵƉŽƌĞŶƵĐůĠĂŝƌĞ͕ƉĞƌŵĞƚƚĂŶƚăů͛EǀŝƌĂůĚĞ
ƉĠŶĠƚƌĞƌ ĚĂŶƐ ůĞ ŶŽǇĂƵ ;dƌŽƚŵĂŶ Ğƚ Ăů͕͘ ϮϬϬϭͿ͘ ^ĞƐ ŐğŶĞƐ ƐŽŶƚ ĞŶƐƵŝƚĞ ĞǆƉƌŝŵĠƐ ĚĞ ŵĂŶŝğƌĞ
ĞǆƚƌĂĐŚƌŽŵŽƐŽŵŝƋƵĞ͕ Đ͛ĞƐƚͲăͲĚŝƌĞ ƐĂŶƐ ŝŶƚĠŐƌĂƚŝŽŶ ƉƌĠĂůĂďůĞ ĚĂŶƐ ůĞ ŐĠŶŽŵĞ ĚĞ ůĂ ĐĞůůƵůĞ ŚƀƚĞ




>ĞƐ ǀĞĐƚĞƵƌƐ ĂĚĠŶŽǀŝƌĂƵǆ ƐŽŶƚ ĚĞƐ ĂĚĠŶŽǀŝƌƵƐ ŐĠŶĠƚŝƋƵĞŵĞŶƚŵŽĚŝĨŝĠƐ͘ >ĞƐ ǀĞĐƚĞƵƌƐ ĚĞ ƉƌĞŵŝğƌĞ
ŐĠŶĠƌĂƚŝŽŶ ƉƌĠƐĞŶƚĞŶƚ ĞŶ ĞĨĨĞƚ ƵŶĞ ĚĠůĠƚŝŽŶ ĚĞƐ ŐğŶĞƐ ϭ Ğƚ ϯ͕ ůĞƐ ƌĞŶĚĂŶƚ ĚĠĨĞĐƚŝĨƐ ƉŽƵƌ ůĂ
ƌĠƉůŝĐĂƚŝŽŶ͕ ƉƌŽƚĠŐĞĂŶƚ ĂŝŶƐŝ ůĂ ĐĞůůƵůĞ ĚĞ ůĂ ůǇƐĞ Ğƚ ĚĞ ůĂ ƉƌŽƉĂŐĂƚŝŽŶ ĚƵ ǀĞĐƚĞƵƌ͘ >Ă ƐĠƋƵĞŶĐĞ ĚƵ
ƚƌĂŶƐŐğŶĞĂĠƚĠŝŶƐĠƌĠĞĚĂŶƐůĞŐĠŶŽŵĞĚƵǀŝƌƵƐ͕ĐĞƋƵŝƉĞƌŵĞƚƐŽŶĞǆƉƌĞƐƐŝŽŶĚĂŶƐůĞƐĐĞůůƵůĞƐĐŝďůĞƐ͘
>ĞƐǀĞĐƚĞƵƌƐĂĚĠŶŽǀŝƌĂƵǆŽŶƚĠƚĠůĞƐƉƌĞŵŝĞƌƐƚĞƐƚĠƐĞŶĞƐƐĂŝĐůŝŶŝƋƵĞ͕ƚŽƵƚĚ͛ĂďŽƌĚĂƵŶŝǀĞĂƵĚƵŶĞǌ͕
ƉƵŝƐ ĂƵ ŶŝǀĞĂƵ ĚĞƐ ƉŽƵŵŽŶƐ͘ /ůƐ ƉƌĠƐĞŶƚĞŶƚ ů͛ĂǀĂŶƚĂŐĞ Ě͛ġƚƌĞ ŶŽŶ ŝŶƚĠŐƌĂƚŝĨƐ͕ ĐŽŶƚƌĂŝƌĞŵĞŶƚ ĂƵǆ
ƌĠƚƌŽǀŝƌĂƵǆ͕ĐĞƉĞŶĚĂŶƚĐĞůĂĐŽŶĚƵŝƚăƵŶĞĞǆƉƌĞƐƐŝŽŶŝŶƐƚĂďůĞĞƚƚƌĂŶƐŝƚŽŝƌĞĚƵƚƌĂŶƐŐğŶĞĞƚŝŵƉůŝƋƵĞ
ĚĞƐĂĚŵŝŶŝƐƚƌĂƚŝŽŶƐƌĠƉĠƚĠĞƐ͘>͛ĞĨĨŝĐĂĐŝƚĠĂĠƚĠŵŽŶƚƌĠĞ͕ŵĂŝƐĞůůĞĚĠĐƌŽŠƚƌĂƉŝĚĞŵĞŶƚ͕ũƵƐƋƵ͛ăŶĞƉůƵƐ
ŽďƚĞŶŝƌĚĞ ƌĠƉŽŶƐĞĚğƐ ůĂ ϯğŵĞ ĂĚŵŝŶŝƐƚƌĂƚŝŽŶ͘ĞĐŝ ƚĠŵŽŝŐŶĞĚĞ ůĞƵƌĠůŝŵŝŶĂƚŝŽŶƉĂƌ ůĞƐ ĂŶƚŝĐŽƌƉƐ
ŶĞƵƚƌĂůŝƐĂŶƚƐ͘WĂƌĂŝůůĞƵƌƐ͕ĚĞƐƌĠĂĐƚŝŽŶƐŝŶĨůĂŵŵĂƚŽŝƌĞƐŽŶƚƉĂƌĨŽŝƐĠƚĠŽďƐĞƌǀĠĞƐ͘ŶĨŝŶ͕ŝůĞƐƚăŶŽƚĞƌ




















ĐŽŶƐŽƌƚŝƵŵ ƌĠƵŶŝƐƐĂŶƚĚĞƐĠƋƵŝƉĞƐĚĞƐƵŶŝǀĞƌƐŝƚĠƐĚ͛KǆĨŽƌĚ͕ĚŝŶďƵƌŐŚ Ğƚ /ŵƉĞƌŝĂů ŽůůĞŐĞ >ŽŶĚŽŶ
ƚƌĂǀĂŝůůĞĚĞƉƵŝƐϮϬϬϭƐƵƌů͛ŽƉƚŝŵŝƐĂƚŝŽŶĚ͛ƵŶůŝƉŝĚĞĐĂƚŝŽŶŝƋƵĞ͕ǀĞĐƚĞƵƌĚ͛EƉůĂƐŵŝĚŝƋƵĞĐŽĚĂŶƚůĂ
ƉƌŽƚĠŝŶĞ&dZ͗Ɖ'Dϭϲϵͬ'>ϲϳ;&ŝŐƵƌĞϮϳͿ͘'>ϲϳĞƐƚƵŶĞĐŽͲĨŽƌŵƵůĂƚŝŽŶĚĞůŝƉŝĚĞĐĂƚŝŽŶŝƋƵĞ'>ϲϳ
;'ĞŶǌǇŵĞ >ŝƉŝĚϲϳͿ͕ ĚĞ KW ;ĚŝŽůĠŽǇůƉŚŽƐƉŚĂƚŝĚǇůĠƚŚĂŶŽůĂŵŝŶĞͿ ƋƵŝ ƉĞƌŵĞƚ ĚĞ ĨĂĐŝůŝƚĞƌ
ů͛ĠĐŚĂƉƉĞŵĞŶƚ ĞŶĚŽƐŽŵŝƋƵĞ͕ ĂŝŶƐŝ ƋƵĞ ĚĞ DWͲW'ϱϬϬϬ ;ϭ͕ϮͲŝŵǇƌŝƐƚŽǇůͲƐŶͲŐůǇĐĠƌŽͲϯͲ
ƉŚŽƐƉŚŽĠƚŚĂŶŽůĂŵŝŶĞ ƉŽůǇĠƚŚǇůğŶĞŐůǇĐŽůͿ ƋƵŝ ƉĞƌŵĞƚ ĚĞ ƐƚĂďŝůŝƐĞƌ ůĞƐ ĨŽƌŵƵůĂƚŝŽŶƐ ă ĚĞƐ
ĐŽŶĐĞŶƚƌĂƚŝŽŶƐ ƐƵĨĨŝƐĂŶƚĞƐ ƉŽƵƌ ů͛ĂĠƌŽƐŽůŝƐĂƚŝŽŶ ;ƉƌŽƉŽƌƚŝŽŶƐ ƌĞƐƉĞĐƚŝǀĞƐ ϭ͗Ϯ͗Ϭ͕ϬϱͿ͘ >͛ƵŶĞ ĚĞƐ













WĂƌ ĂŝůůĞƵƌƐ͕ ĚĞƐĠƚƵĚĞƐŽŶƚĠŐĂůĞŵĞŶƚĠƚĠ ƌĠĂůŝƐĠĞƐĚĂŶƐ ůĞďƵƚĚ͛ĂŵĠůŝŽƌĞƌ ů͛ĞĨĨŝĐĂĐŝƚĠĚĞƐ ůŝƉŝĚĞƐ
ĐĂƚŝŽŶŝƋƵĞƐ͘ hŶĞ ĨŽƌŵƵůĂƚŝŽŶ ĐŽŶƚĞŶĂŶƚ ƵŶ ĐŽŵƉůĞǆĞ ĂƌƐĞŶŝĐĂů Ă ĞŶ ĞĨĨĞƚ ŵŽŶƚƌĠ ĚĞƐ ƉƌŽƉƌŝĠƚĠƐ
ĂŶƚŝďĂĐƚĠƌŝĞŶŶĞƐŝŶƚĠƌĞƐƐĂŶƚĞƐ͕ƉĞƌŵĞƚƚĂŶƚĚĞĐŽŶƚƌŝďƵĞƌăů͛ĠƌĂĚŝĐĂƚŝŽŶĚĞƐďĂĐƚĠƌŝĞƐĐŽŶƚĂŵŝŶĂŶƚĞƐ͕
ĞƚĚĞĨĂǀŽƌŝƐĞƌĂŝŶƐŝů͛ĞĨĨŝĐĂĐŝƚĠĚƵƚƌĂŶƐĨĞƌƚĚĞŐğŶĞĂƵǆĐĞůůƵůĞƐĐŝďůĞƐ;>Ğ'ĂůůĞƚĂů͕͘ϮϬϭϯͿ͘
EŽƚƌĞ ƚƌĂǀĂŝů ĚĞ ƚŚğƐĞ ƉƌŽƉŽƐĞ ƵŶĞ ƐƚƌĂƚĠŐŝĞ ƵƚŝůŝƐĂŶƚ ĚĞƐ ǀĞĐƚĞƵƌƐ ŶŽŶ ǀŝƌĂƵǆ ƋƵŝ ƉƌĠƐĞŶƚĞƌĂŝĞŶƚ









































ƚĞŶƵ ĚĞ ůĞƵƌ ĐŽŵƉŽƐŝƚŝŽŶ ĞŶ ƉŚŽƐƉŚŽůŝƉŝĚĞƐ͕ ĞƐƐĞŶƚŝĞůůĞŵĞŶƚ ƐƉŚŝŶŐŽŵǇĠůŝŶĞ Ğƚ ĂĐŝĚĞƐ ŐƌĂƐ
ƉŽůǇŝŶƐĂƚƵƌĠƐ͕ ůĞƐ ĂƵƚĞƵƌƐ ƉĞŶƐĞŶƚ ƋƵĞ ĐĞƐ ǀĠƐŝĐƵůĞƐ ƉƌŽǀŝĞŶŶĞŶƚ ĚĞ ůĂŵĞŵďƌĂŶĞ ƉůĂƐŵŝƋƵĞ͘ >ĞƐ




ĚĠĐŽƵǀƌĞ ůĂ ƉŽƐƐŝďŝůŝƚĠ ĚĞ ĨƵƐŝŽŶ ĚĞƐ ĞŶĚŽƐŽŵĞƐ ŵƵůƚŝǀĠƐŝĐƵůĂŝƌĞƐ ĂǀĞĐ ůĂ ŵĞŵďƌĂŶĞ ƉůĂƐŵŝƋƵĞ
;&ŝŐƵƌĞϮϴͿ͕ĂǇĂŶƚƉŽƵƌĞĨĨĞƚĚĞůŝďĠƌĞƌůĞƵƌĐŽŶƚĞŶƵĚĂŶƐůĞŵŝůŝĞƵĞǆƚƌĂĐĞůůƵůĂŝƌĞ;,ĂƌĚŝŶŐĞƚĂů͕͘ϭϵϴϯ͖
,ĂƌĚŝŶŐĞƚĂů͕͘ϭϵϴϯ͖,ĂƌĚŝŶŐĞƚĂů͕͘ϭϵϴϯͿ͘/ůĠƚĂŝƚũƵƐƋƵ͛ĂůŽƌƐĂĚŵŝƐƋƵĞůĞƐƌĠĐĞƉƚĞƵƌƐăůĂƚƌĂŶƐĨĞƌƌŝŶĞ





ĚĠĐƌŝƌĞ ůĞƐ ǀĠƐŝĐƵůĞƐ ĞǆƚƌĂĐĞůůƵůĂŝƌĞƐ ĚĞ ŵĂŶŝğƌĞ ĐŽŶĨŽŶĚƵĞ͘ /ůƐ ŽŶƚ ƉĂƌ ůĂ ƐƵŝƚĞ ĠƚĠ ƉƌĠĐŝƐĠƐ ĂǀĞĐ
ů͛ĠǀŽůƵƚŝŽŶĚĞƐĐŽŶŶĂŝƐƐĂŶĐĞƐĚĂŶƐůĞĚŽŵĂŝŶĞ͕ŵĂŝƐŶĞƐŽŶƚƉĂƐĞŶĐŽƌĞƵƚŝůŝƐĠƐĚĞŵĂŶŝğƌĞƵŶŝĨŽƌŵĞ͘










































Ƶ ƌĞƉŽƐ͕ ůĂŵĞŵďƌĂŶĞ ƉůĂƐŵŝƋƵĞ ĞƐƚ ĐĂƌĂĐƚĠƌŝƐĠĞ ƉĂƌ ƵŶĞ ĂƐƐǇŵĠƚƌŝĞ ůŝƉŝĚŝƋƵĞ ĐŽŶƚƌŝďƵĂŶƚ ă ƐĂ
ƐƚĂďŝůŝƚĠ ;DĂŶŶŽ Ğƚ Ăů͕͘ ϮϬϬϮͿ͘ Ŷ ĞĨĨĞƚ͕ ůĞ ĨĞƵŝůůĞƚ ŝŶƚĞƌŶĞ ĞƐƚ ƉƌŝŶĐŝƉĂůĞŵĞŶƚ ĐŽŵƉŽƐĠ
Ě͛ĂŵŝŶŽƉŚŽƐƉŚŽůŝƉŝĚĞƐ͕ ƉŚŽƐƉŚĂƚŝĚǇůƐĠƌŝŶĞ ;W^Ϳ Ğƚ ƉŚŽƐƉŚĂƚŝĚǇůĠƚŚĂŶŽůĂŵŝŶĞ ;WͿ͕ ĂůŽƌƐ ƋƵĞ ůĞ
ĨĞƵŝůůĞƚ ĞǆƚĞƌŶĞ ĐŽŶƚŝĞŶƚ ƉůƵƚƀƚ ĚĞƐ ƐƉŚŝŶŐŽƉŚŽƐƉŚŽůŝƉŝĚĞƐ͕ ƉŚŽƐƉŚĂƚŝĚǇůĐŚŽůŝŶĞ ;WͿ Ğƚ
ƐƉŚŝŶŐŽŵǇĠůŝŶĞ ;^DͿ͘ ĞƐ ƉƌŽƚĠŝŶĞƐ ƚƌĂŶƐŵĞŵďƌĂŶĂŝƌĞƐ dWͲĚĠƉĞŶĚĂŶƚĞƐ͕ ĂƉƉĞůĠĞƐ ƚƌĂŶƐůŽĐĂƐĞƐ͕
ƉĞƌŵĞƚƚĞŶƚĚĞŵĂŝŶƚĞŶŝƌĐĞƚƚĞĂƐƐǇŵĠƚƌŝĞ;,ƵŐĞůĞƚĂů͕͘ϮϬϬϱͿ͘ůůĞƐƚƌĂŶƐůŽƋƵĞŶƚůĞƐƉŚŽƐƉŚŽůŝƉŝĚĞƐ
Ě͛ƵŶ ĨĞƵŝůůĞƚă ů͛ĂƵƚƌĞĐŽŶƚƌĞ ůĞƵƌŐƌĂĚŝĞŶƚĚĞĐŽŶĐĞŶƚƌĂƚŝŽŶ͘WĂƌŵŝ ůĞƐƚƌĂŶƐůŽĐĂƐĞƐ͕ŽŶĚŝƐƚŝŶŐƵĞ ůĂ
ĨůŝƉƉĂƐĞ͕ƌĞƐƉŽŶƐĂďůĞĚƵŵĂŝŶƚŝĞŶĚĞƐĂŵŝŶŽƉŚŽƐƉŚŽůŝƉŝĚĞƐĚĂŶƐůĞĨĞƵŝůůĞƚŝŶƚĞƌŶĞ͕ĞƚůĂĨůŽƉƉĂƐĞ͕ƋƵŝ









ĐŽŶĚƵŝƌĞ ă ƵŶĞ ƐƵƌĐŚĂƌŐĞ ůŝƉŝĚŝƋƵĞ ƚƌĂŶƐŝƚŽŝƌĞ ĂƵ ŶŝǀĞĂƵ ĚƵ ĨĞƵŝůůĞƚ ĞǆƚĞƌŶĞ͘ ĞŵġŵĞ ƐƚŝŵƵůŝ ĞƐƚ




ƉƌŽƚĠŝŶĞƐ ĚƵ ĐǇƚŽƐƋƵĞůĞƚƚĞ ;&ŝŐƵƌĞ ϯϮͿ͘ >Ă ĐŽŶĐŽŵŝƚĂŶĐĞ ĚĞ ĐĞƐ ĚĞƵǆ ĠǀĠŶĞŵĞŶƚƐ ĐŽŶĚƵŝƚ ĂƵ








ǀĂŶƚ ůĞƵƌ ůŝďĠƌĂƚŝŽŶ ĚĂŶƐ ůĞ ŵŝůŝĞƵ ĞǆƚƌĂĐĞůůƵůĂŝƌĞ͕ ůĞƐ ĞǆŽƐŽŵĞƐ ƉŽƌƚĞŶƚ ůĞ ŶŽŵ Ě͛/>s ƉŽƵƌ
/ŶƚƌĂ>ƵŵŝŶĂůsĞƐŝĐůĞƐĞƚƐŽŶƚĐŽŶƚĞŶƵƐĚĂŶƐůĞƐĐŽƌƉƐŵƵůƚŝǀĠƐŝĐƵůĂŝƌĞƐŽƵDsƉŽƵƌDƵůƚŝsĞƐŝĐƵůĂƌ
ŽĚŝĞƐ͘>ĞƐDsĂƉƉĂƌƚŝĞŶŶĞŶƚăůĂǀŽŝĞĞŶĚŽĐǇƚĂŝƌĞ͕ĐŽŶƐƚŝƚƵĠĞĚĞĐŽŵƉĂƌƚŝŵĞŶƚƐŵĞŵďƌĂŶĂŝƌĞƐƚƌğƐ
ĚǇŶĂŵŝƋƵĞƐ͘ ĞƵǆͲĐŝ ƐŽŶƚ ŝŵƉůŝƋƵĠƐ ĚĂŶƐ ůΖŝŶƚĞƌŶĂůŝƐĂƚŝŽŶ ĚĞ ĐŽŵƉŽƐĂŶƚƐ ĞǆƚƌĂĐĞůůƵůĂŝƌĞƐ ŽƵ ĚĞ
ƉƌŽƚĠŝŶĞƐ ŵĞŵďƌĂŶĂŝƌĞƐ͕ ŵĂŝƐ ĂƵƐƐŝ ĚĂŶƐ ůĞƵƌ ƌĞĐǇĐůĂŐĞ ă ůĂ ŵĞŵďƌĂŶĞ ƉůĂƐŵŝƋƵĞ͕ ĞƚͬŽƵ ůĞƵƌ
ĚĠŐƌĂĚĂƚŝŽŶ͘
hŶĞ ƉƌĞŵŝğƌĞ ŝŶǀĂŐŝŶĂƚŝŽŶ ĚĞ ůĂ ŵĞŵďƌĂŶĞ ƉůĂƐŵŝƋƵĞ ĐŽŶĚƵŝƚ ă ůĂ ĨŽƌŵĂƚŝŽŶ ĚĞ ǀĠƐŝĐƵůĞƐ

































ĚĞƐ ĐĞůůƵůĞƐĚĠƉŽƵƌǀƵĞƐĚĞƐĠůĠŵĞŶƚƐ ĐůĠƐĚĞ ĐĞƚƚĞŵĂĐŚŝŶĞƌŝĞĠƚĂŝĞŶƚ ƚŽƵƚĚĞŵġŵĞĐĂƉĂďůĞƐĚĞ
ŐĠŶĠƌĞƌĚĞƐDs ;^ƚƵĨĨĞƌƐ ĞƚĂů͕͘ ϮϬϬϵͿ͘WĂƌ ĂŝůůĞƵƌƐ͕ ƵŶĞĠƚƵĚĞĂŵŽŶƚƌĠƋƵ͛ĞůůĞƐ ƐĞŵďůĞŶƚƉůƵƚƀƚ
ĚĞƐƚŝŶĞƌůĞƐ/>săůĂĚĠŐƌĂĚĂƚŝŽŶ͘ŶĞĨĨĞƚ͕ů͛ƵďŝƋƵŝƚŝŶǇůĂƚŝŽŶĚƵD,//ĞƐƚŶĠĐĞƐƐĂŝƌĞăƐĂĚĠŐƌĂĚĂƚŝŽŶ
ƉĂƌůĞƐůǇƐŽƐŽŵĞƐ͕ĐŽŶƚƌĂŝƌĞŵĞŶƚăƐŽŶŝŶĐŽƌƉŽƌĂƚŝŽŶĚĂŶƐůĞƐĞǆŽƐŽŵĞƐ;ƵƐĐŚŽǁĞƚĂů͕͘ϮϬϬϵͿ͘
>Ă ůŝƚƚĠƌĂƚƵƌĞ ĠǀŽƋƵĞ ĂŝŶƐŝ Ě͛ĂƵƚƌĞƐŵĠĐĂŶŝƐŵĞƐ ĚĞ ĨŽƌŵĂƚŝŽŶ ĚĞƐ />s͘ ĞƌƚĂŝŶƐ ĐŽŵƉŽƐĂŶƚƐ ĚĞ ůĂ
ŵĂĐŚŝŶĞƌŝĞ^ZdƉĞƵǀĞŶƚƚŽƵƚĚĞŵġŵĞġƚƌĞŝŵƉůŝƋƵĠƐ;ŽůŽŵďŽĞƚĂů͕͘ϮϬϭϯͿ͘>͛ŝŶĐŽƌƉŽƌĂƚŝŽŶĚƵ
ƌĠĐĞƉƚĞƵƌ ă ůĂ ƚƌĂŶƐĨĞƌƌŝŶĞ ĞŶ ĞƐƚ ƵŶ ĞǆĞŵƉůĞ͕ ƐŽŶ ŝŶĐŽƌƉŽƌĂƚŝŽŶ Ŷ͛ĞƐƚ ƉĂƐ ĚĠƉĞŶĚĂŶƚĞ ĚĞ
ů͛ƵďƚŝƋƵŝƚŝŶǇůĂƚŝŽŶ͕ĞŶƌĞǀĂŶĐŚĞ͕ĞůůĞŶĠĐĞƐƐŝƚĞů͛ŝŶƚĞƌǀĞŶƚŝŽŶĚĞůĂƉƌŽƚĠŝŶĞĂĐĐĞƐƐŽŝƌĞ>/y;'ĞŵŝŶĂƌĚ
ĞƚĂů͕͘ϮϬϬϰͿ͘hŶĞĠƋƵŝƉĞĂƌĠĐĞŵŵĞŶƚŵŝƐĞŶĠǀŝĚĞŶĐĞůĂƉĂƌƚŝĐŝƉĂƚŝŽŶĚ͛ƵŶĂĚĂƉƚĂƚĞƵƌĐǇƚŽƐŽůŝƋƵĞ
ŶŽŵŵĠ ƐǇŶƚĠŶŝŶĞ͘ Ğ ĚĞƌŶŝĞƌ ƐĞ ůŝĞƌĂŝƚ ĂƵǆ ƉƌŽƚĠŝŶĞƐ ŵĞŵďƌĂŶĂŝƌĞƐ ƉĂƌ ů͛ŝŶƚĞƌŵĠĚŝĂŝƌĞ ĚĞ ĚĞƵǆ
ĚŽŵĂŝŶĞƐWĚ͛ƵŶĞƉĂƌƚ͕ĞƚăůĂƉƌŽƚĠŝŶĞ>/yƉĂƌů͛ŝŶƚĞƌŵĠĚŝĂŝƌĞĚĞƚƌŽŝƐŵŽƚŝĨƐ>zWyŶ>Ě͛ĂƵƚƌĞƉĂƌƚ͘















































>ĞƐ Ds Ğƚ ůĞƐ ǆŽ ŽŶƚ ƵŶĞ ĐŽŵƉŽƐŝƚŝŽŶ ůŝƉŝĚŝƋƵĞ ƐŝŵŝůĂŝƌĞ͘ /ůƐ ƐŽŶƚ ĞŶƌŝĐŚŝƐ ĞŶ ƐƉŚŝŶŐŽŵǇĠůŝŶĞ͕
ĐŚŽůĞƐƚĠƌŽů Ğƚ ĐĠƌĂŵŝĚĞƐ͘ >Ă ƐƉŚŝŶŐŽŵǇĠůŝŶĞ Ğƚ ůĞ ĐŚŽůĞƐƚĠƌŽů ƐŽŶƚ ĐĂƌĂĐƚĠƌŝƐƚŝƋƵĞƐ ĚĞ ĚŽŵĂŝŶĞƐ
ƌĠƐŝƐƚĂŶƚƐ ĂƵǆ ĚĠƚĞƌŐĞŶƚƐ ƉƌĠƐĞŶƚƐ ĚĂŶƐ ůĂ ŵĞŵďƌĂŶĞ ƉůĂƐŵŝƋƵĞ ͗ ůĞƐ ƌĂĚĞĂƵǆ ůŝƉŝĚŝƋƵĞƐ ĞŶĐŽƌĞ
ĂƉƉĞůĠƐͨůŝƉŝĚƌĂĨƚƐͩ͘WĂƌĂŝůůĞƵƌƐ͕ĚĞƐƉƌŽƚĠŝŶĞƐĂƐƐŽĐŝĠĞƐĂƵǆƌĂĨƚƐƚĞůůĞƐƋƵĞůĞƐƉƌŽƚĠŝŶĞƐăĂŶĐƌĞ












ƌĠĂůŝƐĠĞƐ ĂŝŶƐŝ ƋƵĞ ůĞƵƌ ƉƌŽƚŽĐŽůĞ ĚĞ ƉƵƌŝĨŝĐĂƚŝŽŶ͘ /ů ƐΖĂŐŝƚ ĚΖƵŶ ƉƌĠĐŝĞƵǆ ŽƵƚŝů ƉŽƵƌ ĂŵĠůŝŽƌĞƌ ůĂ
ĐŽŵƉƌĠŚĞŶƐŝŽŶĚĞ ůĂĐŽŵƉůĞǆŝƚĠĚĞƐs͘>ĂďĂƐĞĚĞĚŽŶŶĠĞƐǆŽĂƌƚĂ;ŚƚƚƉ͗ͬͬǁǁǁ͘ĞǆŽĐĂƌƚĂ͘ŽƌŐͬͿ͕
ĐƌĠĠĞĞŶϮϬϬϵ;DĂƚŚŝǀĂŶĂŶĂŶĚ^ ŝŵƉƐŽŶ͕ϮϬϬϵͿ͕ƌĞĐĞŶƐĞăĐĞũŽƵƌƉƌğƐĚĞϭϬϬϬϬƉƌŽƚĠŝŶĞƐĚŝĨĨĠƌĞŶƚĞƐ



























ĂƵǆ ĐĞůůƵůĞƐ ĐŝďůĞƐ ƐƵĨĨŝƚ ă ŝŶĚƵŝƌĞ ĚĞƐ ĐŚĂŶŐĞŵĞŶƚƐ ĚĞ ůΖĠƚĂƚ ƉŚǇƐŝŽůŽŐŝƋƵĞ ĚĞ ůĂ ĐĞůůƵůĞ ĐŝďůĞ
;&ŝŐƵƌĞϯϲͿ͘>ĞĐŽŶƚĞŶƵĚĞƐsƉĞƵƚĠŐĂůĞŵĞŶƚġƚƌĞůŝďĠƌĠĞŶĚĞŚŽƌƐĚĞůĂĐĞůůƵůĞ͕ŽƶŝůƉŽƵƌƌĂĂǀŽŝƌ
ƵŶĞ ĂĐƚŝŽŶ ƐƵƌ ůĂŵĂƚƌŝĐĞ ĞǆƚƌĂĐĞůůƵůĂŝƌĞ ;&ŝŐƵƌĞ ϯϲͿ͘ ĂŶƐ ůĂ ŐƌĂŶĚĞŵĂũŽƌŝƚĠ ĚĞƐ ĂƵƚƌĞƐ ĐĂƐ͕ ůĞ
ĐŽŶƚĞŶƵĚĞƐsĚŽŝƚġƚƌĞƚƌĂŶƐĨĠƌĠăůΖŝŶƚĠƌŝĞƵƌĚĞůĂĐĞůůƵůĞĐŝďůĞ;&ŝŐƵƌĞϯϲĞƚͿ͘ĨŝŶĚĞůŝďĠƌĞƌůĞ
ĐŽŶƚĞŶƵ ĚĞƐ ǀĠƐŝĐƵůĞƐ ĚĂŶƐ ůĞ ĐǇƚŽƉůĂƐŵĞ Ğƚ ƉĞƌŵĞƚƚƌĞ ƐŽŶ ƵƚŝůŝƐĂƚŝŽŶ ƉĂƌ ůĂ ĐĞůůƵůĞ ĐŝďůĞ͕ ŝů ĚŽŝƚ
ŽďůŝŐĂƚŽŝƌĞŵĞŶƚƐĞƉƌŽĚƵŝƌĞƵŶĞĠƚĂƉĞĚĞĨƵƐŝŽŶ͕ƐŽŝƚĚŝƌĞĐƚĞŵĞŶƚĂǀĞĐůĂŵĞŵďƌĂŶĞƉůĂƐŵŝƋƵĞ͕ƐŽŝƚ
ĂǀĞĐůĂŵĞŵďƌĂŶĞĚĞƐĐŽŵƉĂƌƚŝŵĞŶƚƐĞŶĚŽƉůĂƐŵŝƋƵĞƐ͘ĞƚƚĞĠƚĂƉĞĂĠƚĠŵŝƐĞĞŶĠǀŝĚĞŶĐĞŐƌąĐĞă















hŶĞ ĠƚƵĚĞ Ă ŵŽŶƚƌĠ ƋƵĞ ů͛ĞŶƚƌĠĞ ĚĞƐ s ĠƚĂŝƚ ƉĂƌƚŝĞůůĞŵĞŶƚ ĚĠƉĞŶĚĂŶƚĞ ĚƵ ůŝŐĂŶĚ͘ Ŷ ĞĨĨĞƚ͕ ƵŶ
ƚƌĂŝƚĞŵĞŶƚăůĂƉƌŽƚĠŝŶĂƐĞ<ŝŶŚŝďĞĚĞŵĂŶŝğƌĞƐŝŐŶŝĨŝĐĂƚŝǀĞŵĂŝƐŝŶĐŽŵƉůğƚĞů͛ŝŶƚĞƌŶĂůŝƐĂƚŝŽŶĚĞƐs
;ƐĐƌĞǀĞŶƚĞĞƚĂů͕͘ϮϬϭϭͿ͘WĂƌĂŝůůĞƵƌƐ͕ůĂƉƌĠƐĞŶĐĞĚĞƉŚŽƐƉŚĂƚŝĚǇůƐĠƌŝŶĞƐƵƌůĞĨĞƵŝůůĞƚĞǆƚĞƌŶĞĚĞƐs





WĂƌĂŝůůĞƵƌƐ͕ ůĞƐ ƚĠƚƌĂƐƉĂŶŝŶĞƐ͕ ůĞƐ ŝŶƚĠŐƌŝŶĞƐĞƚ ůĞƐ ŝŵŵƵŶŽŐůŽďƵůŝŶĞƐƐĞŵďůĞŶƚĠŐĂůĞŵĞŶƚĂǀŽŝƌƵŶ






























































>ĞƐ ǆŽ ƉĞƵǀĞŶƚ ĂĐƚŝǀĞƌ ůĞƐ ůǇŵƉŚŽĐǇƚĞƐ d ƐŽŝƚ ĚŝƌĞĐƚĞŵĞŶƚ ƉĂƌ ƵŶĞ ƉƌĠƐĞŶƚĂƚŝŽŶ Ě͛ĂŶƚŝŐğŶĞ͕ ƐŽŝƚ
ŝŶĚŝƌĞĐƚĞŵĞŶƚ͕ĞŶĚĠůŝǀƌĂŶƚĚĞƐƉĞƉƚŝĚĞƐĂŶƚŝŐĠŶŝƋƵĞƐĂƵǆĐĞůůƵůĞƐƉƌĠƐĞŶƚĂƚƌŝĐĞƐĚ͛ĂŶƚŝŐğŶĞ;ĚŵǇƌĞ
ĞƚĂů͕͘ϮϬϬϲͿ ;&ŝŐƵƌĞϰϬͿ͘WĂƌĂŝůůĞƵƌƐ͕ ůĞƐĞǆŽƐŽŵĞƐ ůŝďĠƌĠƐƉĂƌ ůĞƐ ůǇŵƉŚŽĐǇƚĞƐE<ĐŽŶƚŝĞŶŶĞŶƚĚĞƐ
ƉĞƌĨŽƌŝŶĞƐĞƚĚĞƐŐƌĂŶǌǇŵĞƐƋƵŝŽŶƚĚĞƐĂĐƚŝǀŝƚĠƐĂŶƚŝͲƚƵŵŽƌĂůĞƐŝŶǀŝƚƌŽĞƚŝŶǀŝǀŽ;>ƵŐŝŶŝĞƚĂů͕͘ϮϬϭϮͿ͘











ůĞ ĚĠǀĞůŽƉƉĞŵĞŶƚ ƉŚǇƐŝŽůŽŐŝƋƵĞ ĚƵ ƐǇƐƚğŵĞ ŶĞƌǀĞƵǆ͕ ůĞƐ s ƐŽŶƚ ĠŐĂůĞŵĞŶƚ ĂƐƐŽĐŝĠĞƐ ă ĚĞ
ŶŽŵďƌĞƵƐĞƐŵĂůĂĚŝĞƐŶĞƵƌŽĚĠŐĠŶĠƌĂƚŝǀĞƐ͘>ĞƐǆŽƚƌĂŶƐƉŽƌƚĞŶƚŶŽƚĂŵŵĞŶƚů͛ĂůƉŚĂͲƐǇŶƵĐůĠŝŶĞ͕ƵŶĞ
ƉƌŽƚĠŝŶĞ ŵƵƚĠĞ ŝŵƉůŝƋƵĠĞ ĚĂŶƐ ůĂ ŵĂůĂĚŝĞ ĚĞ WĂƌŬŝŶƐŽŶ͘ ĞƚƚĞ ŵĂůĂĚŝĞ ĞƐƚ ĚƵĞ ă ƵŶ ĚĠĨĂƵƚ
Ě͛ĂƵƚŽƉŚĂŐŝĞĐŽŶĚƵŝƐĂŶƚăů͛ĂĐĐƵŵƵůĂƚŝŽŶĚĞĐĞƚƚĞƉƌŽƚĠŝŶĞŵƵƚĠĞĚĂŶƐůĞĐǇƚŽƉůĂƐŵĞĚĞƐĐĞůůƵůĞƐ͘
>ĞƐ ǆŽƉĂƌƚŝĐŝƉĞŶƚĚŽŶĐă ůĂƉƌŽƉĂŐĂƚŝŽŶĚĞ ůĂŵĂůĂĚŝĞ ;ĂŶǌĞƌĞƚ Ăů͕͘ ϮϬϭϮͿ͘WĂƌ ĂŝůůĞƵƌƐ͕ ŝůƐ ƐŽŶƚ
ĠŐĂůĞŵĞŶƚĂƐƐŽĐŝĠƐăůĂƉƌŽƚĠŝŶĞƉƌŝŽŶWƌW^Đ;&ĞǀƌŝĞƌĞƚĂů͕͘ϮϬϬϰͿ͘ĞƚƚĞƉƌŽƚĠŝŶĞĂŶŽƌŵĂůĞŵĞŶƚƌĞƉůŝĠĞ
Ɛ͛ĂĐĐƵŵƵůĞĚĂŶƐůĞƐǇƐƚğŵĞŶĞƌǀĞƵǆĐĞŶƚƌĂůĞƚĐŽŶĚƵŝƚăĚĞƐƚƌŽƵďůĞƐŶĞƵƌŽĚĠŐĠŶĠƌĂƚŝĨƐĐŽŶĚƵŝƐĂŶƚă












Ğƚ ůĞƵƌ ĚŝĨĨĠƌĞŶĐŝĂƚŝŽŶ ĞƐƚ ƌĠŐƵůĠĞ ƉĂƌ ůĞƵƌ ŵŝĐƌŽĞŶǀŝƌŽŶŶĞŵĞŶƚ͕ ĚĞ ŵġŵĞ ƋƵĞ ůĞƵƌ ƉŚĠŶŽƚǇƉĞ͘
/ůƐĞŵďůĞƌĂŝƚƋƵĞůĞƐsƐŽŝĞŶƚŝŵƉůŝƋƵĠĞƐĚĂŶƐĐĞƐƉƌŽĐĞƐƐƵƐ͘ĞƐĠƚƵĚĞƐŽŶƚĞŶĞĨĨĞƚŵŽŶƚƌĠƋƵĞĚĞƐ
ĐĞůůƵůĞƐ ƉƌŽǀĞŶĂŶƚ ĚĞ ƚŝƐƐƵƐ ĞŶĚŽŵŵĂŐĠƐ ƉƌŽĚƵŝƐĞŶƚ ĚĞƐDs ƋƵŝ ƐŽŶƚ ĐĂƉĂďůĞƐ ĚĞ ĐŽŶĚƵŝƌĞ ă ůĂ












ůĞƵƌ ĐŽŶĨğƌĞ ůĂ ƉŽƐƐŝďŝůŝƚĠ ĚĞ ĚĠŐƌĂĚĞƌ ůĂ ŵĂƚƌŝĐĞ ĞǆƚƌĂĐĞůůƵůĂŝƌĞ͕ ĐŽŶƚƌŝďƵĂŶƚ ă ů͛ĞǆƉĂŶƐŝŽŶ ĚĞ ůĂ
ƚƵŵĞƵƌ͕ăůĂĐƌŽŝƐƐĂŶĐĞƚƵŵŽƌĂůĞ;'ŝŶĞƐƚƌĂĞƚĂů͕͘ϭϵϵϴͿŵĂŝƐĂƵƐƐŝăůĂĚŝƐƐĠŵŝŶĂƚŝŽŶĚĞƐŵĠƚĂƐƚĂƐĞƐ
;&ŝŐƵƌĞ ϰϭͿ͘ ŶĨŝŶ͕ ĞůůĞƐ ŝŶƚĞƌǀŝĞŶŶĞŶƚ ĠŐĂůĞŵĞŶƚ ĚĂŶƐ ůĂ ƐƵƌǀŝĞ ĚĞ ůĂ ƚƵŵĞƵƌ ĚĞ ĚĞƵǆŵĂŶŝğƌĞƐ͘
;ϭͿůůĞƐ ƉĞƌŵĞƚƚĞŶƚ ů͛ĠĐŚĂƉƉĞŵĞŶƚ ĚƵ ƐǇƐƚğŵĞ ŝŵŵƵŶŝƚĂŝƌĞ ŐƌąĐĞ ă ĚĞƐ ƉƌŽƉƌŝĠƚĠƐ
ŝŵŵƵŶŽƐƵƉƉƌĞƐƐŝǀĞƐ ;ůĂǇƚŽŶĞƚ Ăů͕͘ϮϬϬϳͿ͘ >ĞƐ sƉƌŽĚƵŝƚĞƐƉĂƌ ůĞƐ ĐĞůůƵůĞƐ ĐĂŶĐĠƌĞƵƐĞƐĞǆƉŽƐĞŶƚ
ŶŽƚĂŵŵĞŶƚůĞůŝŐĂŶĚ&ĂƐ;ŶĚƌĞŽůĂĞƚĂů͕͘ϮϬϬϮͿ͕ĐĞƋƵŝĐŽŶĚƵŝƚăů͛ĂƉŽƉƚŽƐĞĚĞƐĐĞůůƵůĞƐdĞƚŝŶŚŝďĞ
ů͛ŝŵŵƵŶŝƚĠĂĚĂƉƚĂƚŝǀĞ;&ŝŐƵƌĞϰϭͿ͘;ϮͿůůĞƐĐŽŶƚƌŝďƵĞŶƚĠŐĂůĞŵĞŶƚăů͛ĠĐŚĂƉƉĞŵĞŶƚĚĞů͛ĂƉŽƉƚŽƐĞ
ĞŶĞǆƉŽƌƚĂŶƚŶŽƚĂŵŵĞŶƚ ůĂ ĐĂƐƉĂƐĞͲϯ͕ŵĂŝƐĂƵƐƐŝ ă ůĂ ƌĠƐŝƐƚĂŶĐĞĂƵǆ ƚƌĂŝƚĞŵĞŶƚƐĞŶĞǆƉŽƌƚĂŶƚ ůĞƐ




















ƉůƵƐ ƚƀƚ͕ ĐŽŵŵĞ ůĞƐ ĐĂŶĐĞƌƐ ƉĂƌ ĞǆĞŵƉůĞ͕ Ğƚ ĂŝŶƐŝ ŽƉƚŝŵŝƐĞƌ ůĞƐ ĐŚĂŶĐĞƐ ĚĞ ŐƵĠƌŝƐŽŶ ŐƌąĐĞ ă ƵŶ
ƚƌĂŝƚĞŵĞŶƚƉƌĠĐŽĐĞ͘
>͛ŝŵƉůŝĐĂƚŝŽŶ ĚĞƐ s ĚĂŶƐ ĚŝĨĨĠƌĞŶƚƐ ƉƌŽĐĞƐƐƵƐ ƉŚǇƐŝŽůŽŐŝƋƵĞƐ ƉĞƌŵĞƚ ĠŐĂůĞŵĞŶƚ Ě͛ĞŶǀŝƐĂŐĞƌ ĐĞƐ
ǀĠƐŝĐƵůĞƐĐŽŵŵĞŶŽƵǀĞůĂŐĞŶƚƚŚĠƌĂƉĞƵƚŝƋƵĞ͕ƋƵŝƐĞƌĂŝƚƉŽƚĞŶƚŝĞůůĞŵĞŶƚĨĂŝďůĞŵĞŶƚŝŵŵƵŶŽŐğŶĞĞƚ















































hŶŝǀĞƌƐŝƚĠ Ě͛/ŽǁĂ͘ /ůƐ ŽŶƚŵŽŶƚƌĠ ƋƵĞ ůĂ ƉƌŽƚĠŝŶĞ ĚĞ ĨƵƐŝŽŶ ƐĂƵǀĂŐĞ ĠƚĂŝƚ ƐƚĂďůĞ Ğƚ ĐŽƌƌĞĐƚĞŵĞŶƚ
ĂĚƌĞƐƐĠĞăůĂŵĞŵďƌĂŶĞƉůĂƐŵŝƋƵĞĚĞƐĐĞůůƵůĞƐŝŶĨĞĐƚĠĞƐƉĂƌĚϱͲ'&WͲ&dZǁƚ͕ĂůŽƌƐƋƵĞůĂƉƌŽƚĠŝŶĞ


















Ğ ǀĞĐƚĞƵƌ Ă ƉĂƌ ůĂ ƐƵŝƚĞ ĠƚĠ ĂŵĠůŝŽƌĠ͘ Ŷ ĞĨĨĞƚ͕ ƐŽŶ ƌĠĐĞƉƚĞƵƌ ŶŽŵŵĠ Z͕ ƉŽƵƌ ŽǆƐĂĐŬŝĞ ĂŶĚ















ĞƐ ĚĞƵǆ ŵŽůĠĐƵůĞƐ ƐŽŶƚ ĚĞƐ ŐůǇĐŽƉƌŽƚĠŝŶĞƐ ƚƌĂŶƐŵĞŵďƌĂŶĂŝƌĞƐ ă ĂĐƚŝǀŝƚĠ ĚĞ ƌĠĐĞƉƚĞƵƌ ǀŝƌĂů͕
ƌĞƐƉĞĐƚŝǀĞŵĞŶƚƌĠĐĞƉƚĞƵƌĚĞů͛ĂĚĠŶŽǀŝƌƵƐĚĞƐĠƌŽƚǇƉĞϱ;ĚϱͿŽƵĚĞƐĠƌŽƚǇƉĞϯϱ;ĚϯϱŽƵƌĠĐĞƉƚĞƵƌ
ĐŚŝŵĠƌŝƋƵĞ Ěϱ&ϯϱͿ͘ >ĞƐ ĐĞůůƵůĞƐ ,K͕ ,KͲZ Ğƚ ,KͲϰϲ͕ ŽŶƚ ĠƚĠ ĐŚŽŝƐŝĞƐ ĐŽŵŵĞ ĐĞůůƵůĞƐ
ĚŽŶŶĞƵƐĞƐĚ͛s͘>ĞƐsŽŶƚĠƚĠĂŶĂůǇƐĠĞƐƉĂƌĐǇƚŽŵĠƚƌŝĞĞŶĨůƵǆĞƚƐĞƐŽŶƚƌĠǀĠůĠĞƐŝŵŵƵŶŽƌĠĂĐƚŝǀĞƐ
ĂǀĞĐůĞƵƌƐĂŶƚŝĐŽƌƉƐƌĞƐƉĞĐƚŝĨƐ͕ăŚĂƵƚĞƵƌĚĞϲăϳйƉŽƵƌůĂĨƌĂĐƚŝŽŶĐŽŶƚĞŶĂŶƚůĞƐDsŶŽŵŵĠĞDWϯϬ








ĐŽƌƌĞƐƉŽŶĚ ă ůĂ ƉĞƌŵŝƐƐŝǀŝƚĠ ďĂƐĂůĞ͕ ĚƵĞ ă ĚĞƐ ƌĠĐĞƉƚĞƵƌƐ ĂůƚĞƌŶĂƚŝĨƐ ĐŽŵŵĞ ƉĂƌ ĞǆĞŵƉůĞ ůĞƐ
ŚĠƉĂƌĂŶĞƐƐƵůĨĂƚĞƐ;ŽƌũŽŶĞƚĂů͕͘ϮϬϭϭͿ͘ĞƉŽƵƌĐĞŶƚĂŐĞĞƐƚƐŝŐŶŝĨŝĐĂƚŝǀĞŵĞŶƚĂƵŐŵĞŶƚĠůŽƌƐƋƵĞůĞƐ




















ŵŽŶ ĂƌƌŝǀĠĞ ĂƵ ůĂďŽƌĂƚŽŝƌĞ͕'ĂģůůĞ'ŽŶǌĂůĞǌ ĂǀĂŝƚ ĚĠďƵƚĠ ĐĞ ƉƌŽũĞƚ Ğƚ ĚĠŵŽŶƚƌĠ ůĂ ƉƌĠƐĞŶĐĞ ĚĞ
ŵĂƚĠƌŝĞůďŝŽůŽŐŝƋƵĞ;ZEŵ&dZĞƚƉƌŽƚĠŝŶĞ&dZͿĚĂŶƐĚĞƐĐĞůůƵůĞƐĐŝďůĞƐƚƌĂŝƚĠĞƐƉĂƌĚĞƐsͲ'&WͲ
&dZ͘>͛ŽďũĞĐƚŝĨĚĞŵĂƚŚğƐĞĠƚĂŝƚĚĞƉŽƵƌƐƵŝǀƌĞĐĞƚƌĂǀĂŝůƉĂƌůĂǀĂůŝĚĂƚŝŽŶĚĞůĂĨŽŶĐƚŝŽŶŶĂůŝƚĠĚĞůĂ






























>ĞƐ ůŝŐŶĠĞƐ ĐĞůůƵůĂŝƌĞƐ ƵƚŝůŝƐĠĞƐ ĚĂŶƐ ĐĞ ƚƌĂǀĂŝů ƐŽŶƚĚĞƐ ĐĞůůƵůĞƐ ĂĚŚĠƌĞŶƚĞƐ͘ ůůĞƐ ƐŽŶƚ ĐƵůƚŝǀĠĞƐ ĞŶ
ĂƚŵŽƐƉŚğƌĞŚƵŵŝĚĞ͕ăƵŶĞƚĞŵƉĠƌĂƚƵƌĞĚĞϯϳΣ͕ĂǀĞĐƵŶƉ,ĐŽŶƐƚĂŶƚƉƌŽĐŚĞĚĞůĂŶĞƵƚƌĂůŝƚĠ͘͛ĞƐƚůĞ
ƐŽĚŝƵŵďŝĐĂƌďŽŶĂƚĞ ;EĂ,KϯͿ͕ ƉƌĠƐĞŶƚĚĂŶƐ ůĞƐŵŝůŝĞƵǆĚĞ ĐƵůƚƵƌĞ͕ ƋƵŝ ƉĞƌŵĞƚĚĞ ĐŽŶƐĞƌǀĞƌ ĐĞƚƚĞ
ŶĞƵƚƌĂůŝƚĠ͘ Ŷ ĞĨĨĞƚ͕ ůĞƐ ƉƌŽƚŽŶƐ ůŝďĠƌĠƐ ƉĂƌ ůĞƐ ĐĞůůƵůĞƐ ƐŽŶƚ ƚƌĂŶƐĨŽƌŵĠƐ ĞŶ KϮ ƐĞůŽŶ ů͛ĠƋƵĂƚŝŽŶ
,нн,KϯͲÙ,ϮKϯÙKϮн,ϮK͘ĞĐŝŝŵƉůŝƋƵĞƵŶĞƚĞŶĞƵƌĞŶKϮƌĠŐƵůĠĞ;ϱйͿ͘
WŽƵƌĐŚĂƋƵĞƚǇƉĞĐĞůůƵůĂŝƌĞ͕ůĞƐŵŝůŝĞƵǆĚĞĐƵůƚƵƌĞƵƚŝůŝƐĠƐƐŽŶƚůŝƐƚĠƐƉĂƌĂŐƌĂƉŚĞϭ͘ϭ͘Ϯ͘^ĂƵĨŝŶĚŝĐĂƚŝŽŶ







>ĞƐ ,KͲ</ ;ŚŝŶĞƐĞ ,ĂŵƐƚĞƌ KǀĂƌǇͿ͕ ĐĞůůƵůĞƐ ŽǀĂƌŝĞŶŶĞƐ ĚĞ ŚĂŵƐƚĞƌ ĐŚŝŶŽŝƐ͕ ƉŽƐƐğĚĞŶƚ ƵŶĞ












ŵĂŝŶƚŝĞŶƚ ŐƌąĐĞ ă ƵŶĞ ƉƌĞƐƐŝŽŶ ĚĞ ƐĠůĞĐƚŝŽŶ ă ůĂ ŐĠŶĠƚŝĐŝŶĞ ŽƵ 'ϰϭϴ ;>ŝĨĞ dĞĐŚŶŽůŽŐŝĞƐͿ͕ ă ƵŶĞ
ĐŽŶĐĞŶƚƌĂƚŝŽŶĚĞϰϬϬђŐͬŵ>͘
>ĞƐ ϱϰϵͲĚϱͲ'&WͲ&dZ Ğƚ ϱϰϵͲĚϱͲ'&W ƐŽŶƚ ŝƐƐƵĞƐ ĚĞ ůĂ ƚƌĂŶƐĚƵĐƚŝŽŶ ĚĞ ϱϰϵ ƉĂƌ ůĞƐ ǀĞĐƚĞƵƌƐ



















>ŝŐŶĠĞƐ ŝƐƐƵĞƐ ĚĞ ϭϲ, ;,ƵŵĂŶ ƌŽŶĐŚŝĂů ƉŝƚŚĞůŝĂů ĐĞůůƐͿ Ğƚ ,<ͲϮϵϯ ;,ƵŵĂŶ ŵďƌǇŽŶŝĐ <ŝĚŶĞǇͿ
ƚƌĂŶƐĨĞĐƚĠĞƐƌĞƐƉĞĐƚŝǀĞŵĞŶƚƉĂƌůĞƉůĂƐŵŝĚĞĠƉŝƐŽŵĂůƉWϰͲ'&WͲ&dZĞƚůĞƉůĂƐŵŝĚĞƉ'&WͲ&dZ͘
ůůĞƐƐŽŶƚĐƵůƚŝǀĠĞƐĞŶŵŝůŝĞƵDD;ƵůďĞĐĐŽΖƐDŽĚŝĨŝĞĚĂŐůĞDĞĚŝƵŵͿ;'ŝďĐŽďǇ>ŝĨĞdĞĐŚŶŽůŽŐŝĞƐͿ͘





>ĞƐDDϯϵ Ğƚ ůĞƐ &Ͳ<Dϰ ƐŽŶƚ ĚĞƐ ĐĞůůƵůĞƐ ƚƌĂĐŚĠĂůĞƐ ŐůĂŶĚƵůĂŝƌĞƐ ƐĠƌĞƵƐĞƐ ŚƵŵĂŝŶĞƐ͕ ĞǆƉƌŝŵĂŶƚ
ƌĞƐƉĞĐƚŝǀĞŵĞŶƚůĞƐƉƌŽƚĠŝŶĞƐ&dZǁƚĞƚ&dZĚĞů&ϱϬϴ͘ůůĞƐƐŽŶƚĐƵůƚŝǀĠĞƐĞŶŵŝůŝĞƵDDͲ,Ăŵ͛Ɛ&ϭϮ͕






>ĞƐ ,<Ͳ&dZͲ, ƐŽŶƚ ĚĞƐ ĐĞůůƵůĞƐ ƌĠŶĂůĞƐ ĚĞ ŚĂŵƐƚĞƌ ;ĂďǇ,ĂŵƐƚĞƌ<ŝĚŶĞǇͿ ƚƌĂŶƐĨĞĐƚĠĞƐ ƉĂƌ ƵŶ
































ƐƵƌ ĚĞƐ ĐĞůůƵůĞƐ ă ϲϬͲϳϬй ĚĞ ĐŽŶĨůƵĞŶĐĞ͘ ϯϬ ђ> ĚĞ >ŝƉŽĨĞĐƚĂŵŝŶĞΠϮϬϬϬ ;/ŶǀŝƚƌŽŐĞŶͿ Ğƚ ϮϬђŐ ĚĞ



































ŵĠƚŚŽĚĞ ƌĞƉŽƐĞ ƐƵƌ ůĂ ƌĠĚƵĐƚŝŽŶ͕ ƉĂƌ ůĂ ƐƵĐĐŝŶĂƚĞ ĚĠƐŚǇĚƌŽŐĠŶĂƐĞ ŵŝƚŽĐŚŽŶĚƌŝĂůĞ͕ ĚƵ ƐĞů ĚĞ
ƚĠƚƌĂǌŽůŝƵŵDdd;ďƌŽŵƵƌĞĚĞϯͲ;ϰ͕ϱͲĚŝŵĞƚŚǇůƚŚŝĂǌŽůͲϮͲǇůͿͲϮ͕ϱͲĚŝƉŚĞŶǇůƚĞƚƌĂǌŽůŝƵŵͿĞŶĨŽƌŵĂǌĂŶ͘Ğ
ĚĞƌŶŝĞƌ ĨŽƌŵĞ ƵŶ ƉƌĠĐŝƉŝƚĠ ǀŝŽůĞƚ ƋƵŝ ĞƐƚ ĞŶƐƵŝƚĞ ƐŽůƵďŝůŝƐĠ ĂĨŝŶ ĚĞ ůŝƌĞ ů͛ĂďƐŽƌďĂŶĐĞ ă ů͛ĂŝĚĞ Ě͛ƵŶ



























ĚĞŵĂŶŝğƌĞă ƌĞĨŽƌŵĞƌ ůĞƐ ůŝĂŝƐŽŶƐƉŚŽƐƉŚŽĚŝĞƐƚĞƌƐĞƚĂŝŶƐŝŐĠŶĠƌĞƌƵŶŶŽƵǀĞĂƵƉůĂƐŵŝĚĞ͘ĨŝŶĚĞ
ƐĠůĞĐƚŝŽŶŶĞƌĞƚĚ͛ĂŵƉůŝĨŝĞƌůĞƐǀĞĐƚĞƵƌƐƋƵŝŽŶƚŝŶƚĠŐƌĠů͛ŝŶƐĞƌƚ͕ĚĞƐďĂĐƚĠƌŝĞƐĐŽŵƉĠƚĞŶƚĞƐƐŽŶƚƚŽƵƚ
Ě͛ĂďŽƌĚƚƌĂŶƐĨŽƌŵĠĞƐĂǀĞĐůĞƐƉƌŽĚƵŝƚƐĚĞͨůŝŐĂƚŝŽŶ͕ͩĞƚĠƚĂůĠĞƐƐƵƌƵŶĞďŽŠƚĞĚĞŐĠůŽƐĞĐŽŶƚĞŶĂŶƚ
ƵŶ ĂŶƚŝďŝŽƚŝƋƵĞ ĚĞ ƐĠůĞĐƚŝŽŶ͘ ^ĞƵůĞƐ ůĞƐ ďĂĐƚĠƌŝĞƐ ƋƵŝ ŽŶƚ ĠƚĠ ƚƌĂŶƐĨŽƌŵĠĞƐ ƉŽƐƐğĚĞŶƚ ůĞ ŐğŶĞ ĚĞ
ƌĠƐŝƐƚĂŶĐĞăů͛ĂŶƚŝďŝŽƚŝƋƵĞĞƚƐŽŶƚĐĂƉĂďůĞƐĚĞƐĞƌĠƉůŝƋƵĞƌ͘WůƵƐŝĞƵƌƐĐŽůŽŶŝĞƐƐŽŶƚĞŶƐƵŝƚĞĐƵůƚŝǀĠĞƐ
ƐĠƉĂƌĠŵĞŶƚĞŶƉĞƚŝƚƐǀŽůƵŵĞƐ͘>ĞƵƌƐƉůĂƐŵŝĚĞƐƐŽŶƚĞǆƚƌĂŝƚƐĞŶƌĠĂůŝƐĂŶƚƵŶĞͨ ŵŝŶŝƉƌĞƉ͕ͩƉƵŝƐĐƌŝďůĠƐ
ƉĂƌ ĚŝŐĞƐƚŝŽŶƐ ĞŶǌǇŵĂƚŝƋƵĞƐ͘ >ĞƐ ǀĞĐƚĞƵƌƐ ĂǇĂŶƚ ŝŶƚĠŐƌĠ ů͛ŝŶƐĞƌƚ͕ ƉƌĠƐĞŶƚĂŶƚ ƵŶ ƉƌŽĨŝů ĚĞ ĚŝŐĞƐƚŝŽŶ
ƐƉĠĐŝĨŝƋƵĞ͕ ƐŽŶƚ ƐĠůĞĐƚŝŽŶŶĠƐ Ğƚ ƐĠƋƵĞŶĐĠƐ ĚĞ ŵĂŶŝğƌĞ ă Ɛ͛ĂƐƐƵƌĞƌ ƋƵ͛ĂƵĐƵŶĞ ŵƵƚĂƚŝŽŶ Ŷ͛Ă ĠƚĠ
ŝŶƚƌŽĚƵŝƚĞĚĂŶƐůĞŐğŶĞĚ͛ŝŶƚĠƌġƚ͘&ŝŶĂůĞŵĞŶƚ͕ůĂƉĞƚŝƚĞĐƵůƚƵƌĞĚĞďĂĐƚĠƌŝĞƐĐŽƌƌĞƐƉŽŶĚĂŶƚĞĞƐƚƌĞŵŝƐĞ






























;dŚĞƌŵŽ ^ĐŝĞŶƚŝĨŝĐͿ͕ ĞŶ ƉƌĠƐĞŶĐĞ ĚƵ ƚĂŵƉŽŶ ƉƌĠĐŽŶŝƐĠ ƉĂƌ ůĞ ĨĂďƌŝƋƵĂŶƚ͕ ĚĂŶƐ ƵŶ ǀŽůƵŵĞ ĨŝŶĂů ĚĞ










ϳϬƵŶŝƚĠƐĚĞ ů͛ĞŶǌǇŵĞ^Ĩŝ/ ƐŽŶƚĂũŽƵƚĠĞƐ͕Ğƚ ůĞŵĠůĂŶŐĞĞƐƚ ŝŶĐƵďĠϭŚăϱϬΣ͘ĞƚƚĞĚĞƌŶŝğƌĞĠƚĂƉĞ




















































>ĞƐ ĐŽůŽŶŝĞƐ ƉƌĠƐĞŶƚĞƐ ƐƵƌ ůĂ ďŽŠƚĞ ƐŽŶƚ ŵŝƐĞƐ ĞŶ ƉƌĠͲĐƵůƚƵƌĞƐ ĐŚĂĐƵŶĞ ĚĂŶƐ Ϯ ŵ> ĚĞ ŵŝůŝĞƵ >
ĐŽŶƚĞŶĂŶƚϭϬϬђŐͬŵ>Ě͛ĂŵƉŝĐŝůůŝŶĞĚƵƌĂŶƚϲŚ ƐŽƵƐĂŐŝƚĂƚŝŽŶăϯϳΣ͘ >͛EƉůĂƐŵŝĚŝƋƵĞĞƐƚĞŶƐƵŝƚĞ












>ĞƐ ƉůĂƐŵŝĚĞƐ ƐŽŶƚ ƐĠƋƵĞŶĐĠƐ ƉĂƌ ůĂ ƐŽĐŝĠƚĠ'dŝŽƚĞĐŚ͕ ă ů͛ĂŝĚĞ ĚĞ Ěŝǆ ĂŵŽƌĐĞƐ ŶƵĐůĠŽƚŝĚŝƋƵĞƐ
ƌĠƉĂƌƚŝĞƐ ƚŽƵƚĞƐ ůĞƐϱϬϬƉď͘>ĞƐƐĠƋƵĞŶĐĞƐŽďƚĞŶƵĞƐƐŽŶƚĞŶƐƵŝƚĞĂŶĂůǇƐĠĞƐŐƌąĐĞĂƵ ůŽŐŝĐŝĞů'd
sŝĞǁĞƌ͕ĂŝŶƐŝƋƵ͛ăĚŝĨĨĠƌĞŶƚƐƐŝƚĞƐŝŶƚĞƌŶĞƚ͘ŚƚƚƉ͗ͬͬƉďŝů͘ƵŶŝǀͲůǇŽŶϭ͘ĨƌͬĐĂƉϯ͘ƉŚƉƉĞƌŵĞƚĚĞĨƵƐŝŽŶŶĞƌůĞƐ
Ěŝǆ ƐĠƋƵĞŶĐĞƐ ŽďƚĞŶƵĞƐ ĚĞ ŵĂŶŝğƌĞ ă ŐĠŶĠƌĞƌ ƵŶĞ ƐĠƋƵĞŶĐĞ ĐŽŵƉůğƚĞ͕
ŚƚƚƉ͗ͬͬǁǁǁ͘Ğďŝ͘ĂĐ͘ƵŬͬdŽŽůƐͬƐƚͬĞŵďŽƐƐͺƚƌĂŶƐĞƋ͕ͬ ƉĞƌŵĞƚ ĚĞ ƚƌĂĚƵŝƌĞ ůĂ ƐĠƋƵĞŶĐĞ ŶƵĐůĠŽƚŝĚŝƋƵĞĞŶ











>Ğ ƉůĂƐŵŝĚĞ Ɖ>yZE ĞƐƚ ƵŶ ƉůĂƐŵŝĚĞ ŝŶƚĞƌŵĠĚŝĂŝƌĞ͕ ƵƚŝůŝƐĠ ƉĂƌ ůĂ ƐƵŝƚĞ ƉŽƵƌ ĐƌĠĞƌ ƵŶ ƌĠƚƌŽǀŝƌƵƐ
ĞǆƉƌŝŵĂŶƚůĂƉƌŽƚĠŝŶĞĚĞĨƵƐŝŽŶ'&WͲ&dZ͘
































>ĞŵĠůĂŶŐĞ ĞƐƚ ĞŶƐƵŝƚĞ ŝŶĐƵďĠ ϯŵŝŶ ă ϵϰΣ͕ ƉƵŝƐ ϯϬŵŝŶ ă ϯϳΣ͕ Ğƚ ĞŶĨŝŶ ϯϬŵŝŶ ă ƚĞŵƉĠƌĂƚƵƌĞ
ĂŵďŝĂŶƚĞăů͛ĂŝĚĞĚƵƚŚĞƌŵŽĐǇĐůĞƵƌ'ĞŶĞŵƉΠWZƐǇƐƚĞŵϵϳϬϬ;WƉƉůŝĞĚŝŽƐǇƐƚĞŵƐͿ͘ĞƚƚĞĠƚĂƉĞ









ƌĞƐƚƌŝĐƚŝŽŶ ŐĞ/ ;dŚĞƌŵŽ ^ĐŝĞŶƚŝĨŝĐͿ͕ ĞŶ ƉƌĠƐĞŶĐĞ ĚƵ ƚĂŵƉŽŶ ƉƌĠĐŽŶŝƐĠ ƉĂƌ ůĞ ĨĂďƌŝƋƵĂŶƚ͕ ĚĂŶƐ ƵŶ
ǀŽůƵŵĞĨŝŶĂůĚĞϭϬϬђ>͘hŶĞŵŝŶŝͲĚŝĂůǇƐĞͲϭϬŵŝŶƐƵƌĚĞů͛ĞĂƵƵůƚƌĂƉƵƌĞ;ŵŝůůŝYͿͲƉĞƌŵĞƚĚĞĐŚĂŶŐĞƌ
ůĞ ƚĂŵƉŽŶ͘ >ĞƐ ĚŝĂůǇƐĂƚƐ ƐŽŶƚ ĞŶƐƵŝƚĞ ĚŝŐĠƌĠƐϭŚ ă ϯϳΣ ă ů͛ĂŝĚĞ ĚĞϱϬ ă ϳϬ ƵŶŝƚĠƐ ĚĞ ů͛ĞŶǌǇŵĞĚĞ
ƌĞƐƚƌŝĐƚŝŽŶDůƵ/ĚĂŶƐƵŶǀŽůƵŵĞĨŝŶĂůĚĞϭϱϬђ>͘























ƉƌŽƚĠŝŶĞƐ Ě͛ƵŶ ŵĠůĂŶŐĞ ƐĞůŽŶ ůĞƵƌ ƚĂŝůůĞ͘ ĞƚƚĞ ƉƌĞŵŝğƌĞ ĠƚĂƉĞ ĞƐƚ ƌĠĂůŝƐĠĞ ĚĂŶƐ ƵŶ ŐĞů ĚĞ
ƉŽůǇĂĐƌǇůĂŵŝĚĞĞŶĂƉƉůŝƋƵĂŶƚƵŶĐŚĂŵƉĠůĞĐƚƌŝƋƵĞ͘>ĞƐƉƌŽƚĠŝŶĞƐƐŽŶƚĞŶƐƵŝƚĞ ƚƌĂŶƐĨĠƌĠĞƐ ƐƵƌƵŶĞ











ĂƵƐƐŝĚƵďůĞƵĚĞďƌŽŵŽƉŚĠŶŽůϯϬϬђŐͬŵ>ƋƵŝƉĞƌŵĞƚĚĞ ƐƵŝǀƌĞ ůĂƉƌŽŐƌĞƐƐŝŽŶĚĞ ůĂŵŝŐƌĂƚŝŽŶĚĞƐ
ĠĐŚĂŶƚŝůůŽŶƐĚĂŶƐ ůĞŐĞů͘ĂŶƐ ůĞďƵƚĚĞƌĠĚƵŝƌĞ ůĞƐƉŽŶƚƐĚŝƐƵůĨƵƌĞƐ͕ϱйĚĞɴͲŵĞƌĐĂƉƚŽĠƚŚĂŶŽůŽƵ
ϭϬϬŵDĚĞddƉŽƵƌůĂĚĠƚĞĐƚŝŽŶĚĞůĂƉƌŽƚĠŝŶĞ&dZƐŽŶƚĂũŽƵƚĠƐĞǆƚĞŵƉŽƌĂŶĠŵĞŶƚ͘>ĂĚĠŶĂƚƵƌĂƚŝŽŶ




ϱ͘ >͛W^Ğƚ ůĞdDƐŽŶƚĂũŽƵƚĠƐĞǆƚĞŵƉŽƌĂŶĠŵĞŶƚĞƚƉĞƌŵĞƚƚĞŶƚ ůĂƉŽůǇŵĠƌŝƐĂƚŝŽŶĚĞƐŐĞůƐ͘>ĞƐ
ƉƌŽƚĠŝŶĞƐĐŚĂƌŐĠĞƐŶĠŐĂƚŝǀĞŵĞŶƚŵŝŐƌĞŶƚǀĞƌƐůĞƉƀůĞƉŽƐŝƚŝĨƉůƵƐŽƵŵŽŝŶƐƌĂƉŝĚĞŵĞŶƚĞŶĨŽŶĐƚŝŽŶ
ĚĞůĞƵƌƚĂŝůůĞ͘>ĞƉƌĞŵŝĞƌŐĞůƉĞƌŵĞƚĚĞĐŽŶĐĞŶƚƌĞƌůĞƐƉƌŽƚĠŝŶĞƐĂĨŝŶƋƵ͛ĞůůĞƐĞŶƚƌĞŶƚĞŶŵġŵĞƚĞŵƉƐ
ĚĂŶƐ ůĞĚĞƵǆŝğŵĞŐĞůŽƶĞůůĞƐ ƐĞƌŽŶƚ ƐĠƉĂƌĠĞƐ͘ >ĞƉŽƵƌĐĞŶƚĂŐĞĚ͛ĂĐƌǇůĂŵŝĚĞĚĠƚĞƌŵŝŶĞ ůĞ ƚĂƵǆĚĞ
ƌĠƚŝĐƵůĂƚŝŽŶ͗ƉůƵƐŝůĞƐƚĨĂŝďůĞĞƚƉůƵƐŝůƉĞƌŵĞƚƚƌĂĚĞƐĠƉĂƌĞƌůĞƐƉƌŽƚĠŝŶĞƐĚĞŚĂƵƚƉŽŝĚƐŵŽůĠĐƵůĂŝƌĞ͘
>ĞƐŐĞůƐƐŽŶƚƌĞƐƉĞĐƚŝǀĞŵĞŶƚƉƌĠƉĂƌĠƐăϴйƉŽƵƌůĂƉƌŽƚĠŝŶĞ&dZĞƚϭϮйƉŽƵƌdƐŐͲϭϬϭ͘>ĂŵŝŐƌĂƚŝŽŶ





ϰй ϴй ϭϬй ϭϮй
ĐƌǇůĂŵŝĚĞϯϬй ϲϲϬ ђ> Ϯ͕ϲŵ> ϯ͕ϯŵ> ϰŵ>
dƌŝƐ,ůϭD
Ɖ,ϲ͕ϴŽƵϴ͕ϴ
ϲϮϱђ> ϯ͕ϳϱŵ> ϯ͕ϳϱŵ> ϯ͕ϳϱŵ>
,ϮK ϯ͘ϱϴŵ> ϯ͕ϯŵ> Ϯ͕ϲŵ> Ϯŵ>
^^ϮϬй ϭϬϬ ђ> ϮϬϬ ђ> ϮϬϬ ђ> ϮϬϬ ђ>
W^ϭϬй Ϯϱ ђ> ϭϬϬ ђ> ϭϬϬ ђ> ϭϬϬ ђ>





















ăнϰΣĚĂŶƐƵŶ ƚĂŵƉŽŶd^ͲdϬ͕ϭйĂǀĞĐϱй ůĂŝƚ͘ >ĞƐĂŶƚŝĐŽƌƉƐƵƚŝůŝƐĠƐĂŝŶƐŝƋƵĞ ůĞƵƌĚŝůƵƚŝŽŶ ƐŽŶƚ
ƌĠƉĞƌƚŽƌŝĠƐĚĂŶƐůĞdĂďůĞĂƵϲ͘hŶĞƐĠƌŝĞĚĞϲůĂǀĂŐĞƐĚĞϱŵŝŶĂǀĞĐĚƵd^ͲdƐŽŶƚĞŶƐƵŝƚĞƌĠĂůŝƐĠƐĂǀĂŶƚ
Ě͛ŝŶĐƵďĞƌ ůĂŵĞŵďƌĂŶĞϭŚă ƚĞŵƉĠƌĂƚƵƌĞĂŵďŝĂŶƚĞ ƐƵƌ ĂŐŝƚĂƚĞƵƌ ĂǀĞĐ ů͛ĂŶƚŝĐŽƌƉƐ ƐĞĐŽŶĚĂŝƌĞĚŝůƵĠ














































ƐĠĐŚĞƌ ůĂ ŵĞŵďƌĂŶĞ͘ >͛ĠůƵƚŝŽŶ ĞƐƚ ĞŶƐƵŝƚĞ ĞĨĨĞĐƚƵĠĞ ă ů͛ĂŝĚĞ ĚĞ ϲϬ ђ> ĚĞ ƚĂŵƉŽŶ s Ğƚ Ě͛ƵŶĞ
ĐĞŶƚƌŝĨƵŐĂƚŝŽŶϭŵŝŶăϲϬϬϬŐĂƉƌğƐϭŵŝŶĚ͛ŝŶĐƵďĂƚŝŽŶăƚĞŵƉĠƌĂƚƵƌĞĂŵďŝĂŶƚĞ͘>ĞƚƌĂŝƚĞŵĞŶƚĚĞƐ
ĠĐŚĂŶƚŝůůŽŶƐă ůĂEĂƐĞĞƐƚĞĨĨĞĐƚƵĠĞŶƐƵŝƚĞă ů͛ĂŝĚĞĚƵŬŝƚͨdƵƌďŽEĂƐĞ ĨƌĞĞͩ ;ŵďŝŽŶͿ͘ϭђ>ĚĞ
EĂƐĞ Ğƚ ϭђ> ĚĞ ƚĂŵƉŽŶ ϭϬǆ dƵƌďŽ EĂƐĞ ƐŽŶƚ ĂũŽƵƚĠƐ ă ϭϬ ђ> Ě͛ZE͘ >Ğ ŵĠůĂŶŐĞ ĞƐƚ ŝŶĐƵďĠ
ϮϬͲϯϬŵŝŶăϯϳΣƉƵŝƐůĂEĂƐĞĞƐƚŝŶĂĐƚŝǀĠĞăů͛ĂŝĚĞĚĞϮђ>ĚĞͨEĂƐĞŝŶĂĐƚŝǀĂƚŝŽŶƌĞĂŐĞŶƚ͕ͩĚƵƌĂŶƚ















ĞƐƚ ĨŽŶĐƚŝŽŶ ĚĞ ůĂ ůŽŶŐƵĞƵƌ Ğƚ ĚĞ ůĂ ĐŽŵƉŽƐŝƚŝŽŶ ĞŶ ďĂƐĞ ĚĞƐ ĂŵŽƌĐĞƐ͘ >Ă ƉŚĂƐĞ ƐƵŝǀĂŶƚĞ ĞƐƚ
ů͛ĠůŽŶŐĂƚŝŽŶ͕ĞŶĐŽƌĞĂƉƉĞůĠĞĞǆƚĞŶƐŝŽŶĚĞƐĂŵŽƌĐĞƐ͘ĞƐĚĞƌŶŝğƌĞƐƐĞƌǀĞŶƚĞŶĞĨĨĞƚĚĞƉŽŝŶƚĚĞĚĠƉĂƌƚ















ŝŶƐŝ͕ ůĂ ĨůƵŽƌĞƐĐĞŶĐĞ ĞƐƚŵĞƐƵƌĠĞ ă ĐŚĂƋƵĞ ĐǇĐůĞ Ğƚ ů͛ĂŵƉůŝĨŝĐĂƚŝŽŶ ĞƐƚ ƐƵŝǀŝĞ ĂƵ ĐŽƵƌƐ ĚƵ ƚĞŵƉƐ͘
>͛ĂƉƉĂƌŝƚŝŽŶĚƵƐŝŐŶĂůĞƐƚ ŝŶǀĞƌƐĞŵĞŶƚƉƌŽƉŽƌƚŝŽŶŶĞůůĞăƐĂĐŽŶĐĞŶƚƌĂƚŝŽŶƉƵŝƐƋƵĞƉůƵƐ ůĞ ĨƌĂŐŵĞŶƚ
Ě͛ŝŶƚĠƌġƚ ƐĞƌĂƉƌĠƐĞŶƚĞŶŐƌĂŶĚĞƋƵĂŶƚŝƚĠ͕ƉůƵƐ ŝů ƐĞƌĂĚĠƚĞĐƚĂďůĞ ƌĂƉŝĚĞŵĞŶƚ͘'ƌąĐĞăƵŶĞŐĂŵŵĞ
ĠƚĂůŽŶ Ğƚ ůĂ ƉƌĠƐĞŶĐĞ Ě͛ƵŶ ƐƚĂŶĚĂƌĚ ŝŶƚĞƌŶĞ͕ ůĂ ƋWZ ƉĞƌŵĞƚ ĚĞ ƋƵĂŶƚŝĨŝĞƌ ĚĞŵĂŶŝğƌĞ ƌĞůĂƚŝǀĞ ůĞ
ĨƌĂŐŵĞŶƚĚ͛ŝŶƚĠƌġƚ͘

>Ă ZdͲWZ ;ZĞǀĞƌƐĞ dƌĂŶƐĐƌŝƉƚŝŽŶ WZͿ Ğƚ ůĂ ƋZdͲWZ ;ƋƵĂŶƚŝƚĂƚŝǀĞ ZĞǀĞƌƐĞ dƌĂŶƐĐƌŝƉƚŝŽŶ WZͿ
ƉĞƌŵĞƚƚĞŶƚ ĚĞ ƌĠĂůŝƐĞƌ ƵŶĞ WZ ŽƵ ƵŶĞ ƋWZ ă ƉĂƌƚŝƌ Ě͛ZEŵ͘ >͛ĠƚĂƉĞ ĚĞ ƌĠƚƌŽƚƌĂŶƐĐƌŝƉƚŝŽŶ ƋƵŝ
ƉƌĠĐğĚĞ ĐŽŶƐŝƐƚĞ ă ŐĠŶĠƌĞƌ ůĞ ďƌŝŶ ĐŽŵƉůĠŵĞŶƚĂŝƌĞ ĚĞ ů͛ZEŵ ŐƌąĐĞ ă ƵŶĞ ƉŽůǇŵĠƌĂƐĞ ZE





















^ƚĞƉKŶĞWůƵƐdD ;dŚĞƌŵŽĨŝƐŚĞƌͿ͘ >ĞƐ ĐE ƐŽŶƚ ƉƌĠĂůĂďůĞŵĞŶƚ ĚŝůƵĠƐ ĐŝŶƋ ĨŽŝƐ ĚĂŶƐ ĚĞ ů͛ĞĂƵ

































>ĞƐ s ƐŽŶƚ ĞŶƐƵŝƚĞ ƉƵƌŝĨŝĠĞƐ ă ů͛ĂŝĚĞ Ě͛ƵŶĞ ƐĠƌŝĞ ĚĞ ĐĞŶƚƌŝĨƵŐĂƚŝŽŶƐ Ğƚ Ě͛ƵůƚƌĂĐĞŶƚƌŝĨƵŐĂƚŝŽŶƐ͘ hŶĞ
ƉƌĞŵŝğƌĞ ĐĞŶƚƌŝĨƵŐĂƚŝŽŶ ĚƵ ƐƵƌŶĂŐĞĂŶƚ ĚĞ ĐƵůƚƵƌĞ ϱ ŵŝŶ ă ϮϬϬ Ő ƉĞƌŵĞƚ Ě͛ĠůŝŵŝŶĞƌ ůĞƐ ĐĞůůƵůĞƐ
ĚĠƚĂĐŚĠĞƐ ĚƵ ƚĂƉŝƐ ĐĞůůƵůĂŝƌĞ͘ >Ğ ƐƵƌŶĂŐĞĂŶƚ ĚĞ ĐĞƚƚĞ ƉƌĞŵŝğƌĞ ĠƚĂƉĞ ĞƐƚ ĞŶƐƵŝƚĞ ĐĞŶƚƌŝĨƵŐĠ ϱŵŝŶ
ăϭϯϬϬϬŐĂĨŝŶĚ͛ĠůŝŵŝŶĞƌ ůĞƐĚĠďƌŝƐ ĐĞůůƵůĂŝƌĞƐ͘>ĞŶŽƵǀĞĂƵƐƵƌŶĂŐĞĂŶƚĞƐƚĂůŽƌƐƵůƚƌĂĐĞŶƚƌŝĨƵŐĠϮŚ




















>Ă ĚŝĨĨƵƐŝŽŶ ĚǇŶĂŵŝƋƵĞ ĚĞ ůĂ ůƵŵŝğƌĞ ;>^ ͗ǇŶĂŵŝĐ >ŝŐŚƚ ^ĐĂƚƚĞƌŝŶŐͿ ƌĞƉŽƐĞ ƐƵƌ ůĞŵŽƵǀĞŵĞŶƚ
ďƌŽǁŶŝĞŶĚĞƐƉĂƌƚŝĐƵůĞƐ͘ĂŶƐƵŶŵŝůŝĞƵăǀŝƐĐŽƐŝƚĠĠŐĂůĞ͕ůĞƐƉůƵƐƉĞƚŝƚĞƐƉĂƌƚŝĐƵůĞƐƐĞĚĠƉůĂĐĞŶƚƉůƵƐ
ǀŝƚĞ ƋƵĞ ůĞƐ ŐƌŽƐƐĞƐ ƉĂƌƚŝĐƵůĞƐ ;&ŝŐƵƌĞ ϱϯͿ͘ >Ğ ĚĠƉůĂĐĞŵĞŶƚ ĚĞƐ ƉĂƌƚŝĐƵůĞƐ ĞƐƚ ĐĂƌĂĐƚĠƌŝƐĠ ƉĂƌ ůĞ
































ů͛ĂŝĚĞ ĚĞ ůĞƵƌ ŵŽƵǀĞŵĞŶƚ ďƌŽǁŶŝĞŶ ;Ed EĂŶŽƉĂƌƚŝĐůĞ dƌĂĐŬŝŶŐ ŶĂůǇƐŝƐͿ͘ >͛ĂŵĠůŝŽƌĂƚŝŽŶ ĚƵ
EĂŶŽ^ŝŐŚƚ ĐŽŶƐŝƐƚĞ ă ƉŽƵǀŽŝƌ ǀŝƐƵĂůŝƐĞƌ ĐĞ ŵŽƵǀĞŵĞŶƚ ďƌŽǁŶŝĞŶ ŐƌąĐĞ ă ƵŶ ƉƌŝƐŵĞ ŽƉƚŝƋƵĞ ƋƵŝ
ƌĠĨƌĂĐƚĞůĞĨĂŝƐĐĞĂƵůĂƐĞƌĚĞŵĂŶŝğƌĞƋƵĂƐŝŵĞŶƚƉĂƌĂůůğůĞăů͛ĠĐŚĂŶƚŝůůŽŶ;&ŝŐƵƌĞϱϲͿ͘ŝŶƐŝ͕ůĞƐƉĂƌƚŝĐƵůĞƐ



















ŶĞ ƉĞƌŵĞƚ ƉĂƐ ƵŶĞŵĞƐƵƌĞ ƐƚĂƚŝƐƚŝƋƵĞŵĞŶƚ ĐŽƌƌĞĐƚĞ ĚĞ ů͛ĠĐŚĂŶƚŝůůŽŶ͘ ϮͿ >Ğ ƐĞƵŝů ĚĞ ƉŽƐŝƚŝǀŝƚĠ͕ ƋƵŝ
ƉĞƌŵĞƚăůĂŵĂĐŚŝŶĞĚĞĚŝƐƚŝŶŐƵĞƌůĞƐŝŐŶĂůĚƵďƌƵŝƚĚĞĨŽŶĚ͘>ĞƐŵŝĐƌŽǀĠƐŝĐƵůĞƐĠƚĂŶƚƉůƵƐŐƌŽƐƐĞƐƋƵĞ











ĐŽŶĐĞŶƚƌĂƚŝŽŶƐĂŝŶƐŝƋƵĞ ůĞƵƌƐ ŝŵƉĂĐƚƐƐƵƌ ůĂĐĞůůƵůĞƐŽŶƚƌĠƉĞƌƚŽƌŝĠƐĚĂŶƐ ůĞdĂďůĞĂƵϴ͘>ĞƐĐĞůůƵůĞƐ
ƐŽŶƚĐƵůƚŝǀĠĞƐĞŶŵŝĐƌŽƉůĂƋƵĞăϵϲƉƵŝƚƐ ũƵƐƋƵ͛ăϳϬͲϴϬйĚĞĐŽŶĨůƵĞŶĐĞƉƵŝƐŵŝƐĞƐĞŶƉƌĠƐĞŶĐĞĚĞ
ĐŚĂĐƵŶĞ ĚĞƐ ĚƌŽŐƵĞƐ ĚƵƌĂŶƚ ϭŚ ă ϯϳΣ͘ >ĞƐ s ƐŽŶƚ ĞŶƐƵŝƚĞ ĂũŽƵƚĠĞƐ ĚƵƌĂŶƚ ϲŚ ă ƵŶĞ ĚŽƐĞ ĚĞ
ϰ͘ϭϬϰsͬĐĞůůƵůĞ͘ůĂĨŝŶĚƵƚĞŵƉƐĚ͛ŝŶĐƵďĂƚŝŽŶ͕ůĞƐĐĞůůƵůĞƐƐŽŶƚƌŝŶĐĠĞƐĂƵW^͕ƉƵŝƐĚĠĐŽůůĠĞƐăů͛ĂŝĚĞ
ĚĞ ůĂ ƚƌǇƉƐŝŶĞ ;'ŝďĐŽďǇ>ŝĨĞdĞĐŚŶŽůŽŐŝĞƐͿĞƚ ĨŝǆĠĞƐĂƵƉĂƌĂĨŽƌŵĂůĚĠŚǇĚĞϭйƵŶĞŶƵŝƚăнϰΣ͘ >ĞƐ
ĐĞůůƵůĞƐƐŽŶƚĞŶƐƵŝƚĞĂŶĂůǇƐĠĞƐƉĂƌĐǇƚŽŵĠƚƌŝĞĞŶĨůƵǆ;ΑϳƉϭϭϮͿ͘

EKDKDW>d d/KE ΀΁& ^K>sEd

















&/> &ŝůŝƉŝŶĞ /ŶŚŝďĞů͛ĞŶĚŽĐǇƚŽƐĞĐĂǀĠŽůŝŶĞͲĚĞƉ ϭђŐͬŵ> D^K







































ĞŶƚƌĂŠŶĠĞƐĚĂŶƐƵŶ ůŝƋƵŝĚĞĚĞŐĂŝŶĞĞƚƉĂƐƐĞŶƚƵŶĞăƵŶĞĚĞǀĂŶƚƵŶ ůĂƐĞƌ͘ >Ă ůƵŵŝğƌĞ ƌĠĠŵŝƐĞĞƐƚ
ĞŶǀŽǇĠĞ ǀĞƌƐ ĚŝǀĞƌƐ ƉŚŽƚŽŵƵůƚŝƉůŝĐĂƚĞƵƌƐ͕ ĐĞ ƋƵŝ ƉĞƌŵĞƚ Ě͛ĂŶĂůǇƐĞƌ ƉůƵƐŝĞƵƌƐ ůŽŶŐƵĞƵƌƐ Ě͛ŽŶĚĞ






















































ƵŶĞ ĚĠƉŽůĂƌŝƐĂƚŝŽŶ ĚĞ ůĂ ŵĞŵďƌĂŶĞ Ğƚ ƉĂƌ ĐŽŶƐĠƋƵĞŶƚ ů͛ĞŶƚƌĠĞ ĚĞ ŝ^Ϯ;ϯͿ ĚĂŶƐ ůĞƐ ĐĞůůƵůĞƐ
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Abstract
Cell microparticles (MPs) released in the extracellular milieu can embark plasma membrane and intracellular components
which are specific of their cellular origin, and transfer them to target cells. The MP-mediated, cell-to-cell transfer of three
human membrane glycoproteins of different degrees of complexity was investigated in the present study, using a CHO cell
model system. We first tested the delivery of CAR and CD46, two monospanins which act as adenovirus receptors, to target
CHO cells. CHO cells lack CAR and CD46, high affinity receptors for human adenovirus serotype 5 (HAdV5), and serotype 35
(HAdV35), respectively. We found that MPs derived from CHO cells (MP-donor cells) constitutively expressing CAR (MP-CAR)
or CD46 (MP-CD46) were able to transfer CAR and CD46 to target CHO cells, and conferred selective permissiveness to
HAdV5 and HAdV35. In addition, target CHO cells incubated with MP-CD46 acquired the CD46-associated function in
complement regulation. We also explored the MP-mediated delivery of a dodecaspanin membrane glycoprotein, the CFTR
to target CHO cells. CFTR functions as a chloride channel in human cells and is implicated in the genetic disease cystic
fibrosis. Target CHO cells incubated with MPs produced by CHO cells constitutively expressing GFP-tagged CFTR (MP-GFP-
CFTR) were found to gain a new cellular function, the chloride channel activity associated to CFTR. Time-course analysis of
the appearance of GFP-CFTR in target cells suggested that MPs could achieve the delivery of CFTR to target cells via two
mechanisms: the transfer of mature, membrane-inserted CFTR glycoprotein, and the transfer of CFTR-encoding mRNA.
These results confirmed that cell-derived MPs represent a new class of promising therapeutic vehicles for the delivery of
bioactive macromolecules, proteins or mRNAs, the latter exerting the desired therapeutic effect in target cells via de novo
synthesis of their encoded proteins.
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Introduction
The extracellular milieu contains a vast family of cell-derived,
particulate elements which are heterogenous in size, depending
upon the shedding process, cell type and cellular compartments
from which they are issued. According to the most recent and
generally accepted definition, extracellular microparticles (MPs)
are membrane-derived vesicles with diameter ranging from 100 to
500 nm, which are released from virtually all cell types (reviewed
in [1–5]). Extracellular release of MPs occurs in response to certain
stress conditions [6,7] or pathological processes [8–10]. However,
MPs have also been shown to be released spontaneously and
physiologically, and are now considered as key elements in the cell-
to-cell communications [3,11–13]. This include angiogenesis [14],
blood coagulation [15,16], infection by HIV-1 [17] and other
viruses [4], carcinogenesis [18], inflammation [19], vaccinology
[20], and more generally in immunity [8,21–23]. One particular
case of MP contribution to immunological processes has been
termed ‘trogocytosis‘ [24,25].
In general, MPs carry with them membrane and cytosolic
components specific of their cellular origin [26], including proteins
and nucleic acids, such as mRNAs and microRNAs [7,11,27–30],
and are capable of transferring their cargo to recipient cells
[16,29,31–34]. During their extracellular release, MPs can also
embark components which are foreign to the cells, such as nucleic
acids, proteins or glycoproteins expressed transiently or constitu-
tively by a plasmid or viral vector. The latter scenario is
reminiscent of the process of virus or virus-like particles (VLPs)
pseudotyping by foreign glycoproteins [35–40]. MPs are not only
considered as circulating biomarkers for the molecular profiling of
certain cancers [41], but their therapeutic potential as conveyors of
bioactive factors, proteins, RNAs including miRNAs, is being
evaluated for personalized medicine and for the treatment of a
number of diseases and cellular dysfunctions [5,7,9,11,27,30,42].
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In the present study, we developed a cellular model using
Chinese hamster ovarian cells (CHO) to analyse the MP-mediated
transfer of three human transmembrane glycoproteins with
different degrees of structural complexity and cellular topology,
CAR, CD46 and CFTR. CAR (coxsackie-adenovirus receptor)
and CD46 (complement regulatory protein and pathogen recep-
tor) are well-characterized type I membrane receptors of the Ig-
like family of molecules, which carry a single transmembrane
domain (monospanins). Both CAR and CD46 can act as cell
receptors for different viruses. CAR has been identified as the cell
receptor for the human adenovirus serotype 5 (HAdV5), and other
members of species A, C, D, E and F [43–46]. CD46 acts as a
cellular receptor for several viral pathogens, including measles
virus [47] and members of human adenovirus species B1, B2
(among them HAdV35) and D [43,48,49], and also plays the role
of cofactor in the inactivation of complement components C3b
and C4b by serum factor I [50]. CD46 and CAR differ in their
cellular localization: CD46 is localized at the apical membrane of
epithelial cells [48,50,51], whereas CAR is localized at the tight
junctions [52]. The CFTR (cystic fibrosis transmembrane
conductance regulator) is a complex type III membrane glyco-
protein, with large intracytoplasmic N- and C-terminal domains
and twelve membrane-spanning domains constituting a trans-
membrane, cAMP-dependent chloride channel [53–57]. It is
mainly present at the cellular apical surface of epithelial cells
[58,59], and localised in microdomains of the plasma membrane
referred to as lipid rafts [60].
CHO cells have been shown to efficiently release MPs, even in
the absence of stressing factors [17]. CHO cells were used to
establish stable cell lines which constitutively express CAR, CD46
and CFTR (MP-donor cells). MPs derived from these cells were
first tested for their capacity to incorporate CAR, CD46 or CFTR
(MP packaging or pseudotyping), and secondly, for their compe-
tency in transferring the CAR, CD46, and CFTR proteins and
their specific functions to naive CHO cells used as target cells (MP-
recipient cells). We found that new biological functions associated
to CAR, CD46 or CFTR were acquired by the target CHO cells
after incubation with MP-CAR, MP-CD46 or MP-CFTR,
respectively. Our results demonstrated that MPs have the
therapeutic potential for the cell-to-cell transfer of bioactive
molecules. The function(s) carried over by MPs could be direct, via
MP-packaged therapeutic proteins, or indirect, via specific
mRNAs, such as the mRNA encoding the wild-type CFTR for
the correction of the defective chloride channel function in cystic
fibrosis.
Results
Isolation and Recovery of MPs from CAR- and CD46-
expressing CHO Cells
The CHO-CAR and CHO-CD46 cells were derived from the
parental CHO-K1 cell line to constitutively express and display
CAR [44] and CD46 [61–63] at their surface, respectively. The
recovery of MPs from stressed cells is usually higher than from
nonstressed cells. However, since MPs issued from stressed cells
could transfer stress signals and induce the apoptosis of recipient
cells, our starting material was the culture medium of nonstressed
CHO-CAR and CHO-CD46 cells. Extracellular MPs were
recovered by a two-step ultracentrifugation procedure which
separated MPs according to their size, consisting of a first
sedimentation at 30,0006g, followed by a second at 100,0006g.
Two populations were thus obtained, abbreviated MP30 and
MP100, respectively (Fig. S1). The MP30 fraction contained large
MPs characterized by their heterogeneity in shape and size,
ranging from 50–500 nm in diameter, consistent with plasma
membrane-shedded MPs (Fig. 1A). On the other hand, the MP100
population consisted of homogenous and regular particles, rather
spherical and relatively small in size (50–100 nm; Fig. 1B),
reminiscent of exosomes or exosome-like particles [2,28]. Anti-
bodies directed against human and mouse TSG101 and CD63,
two surface markers of exosomes, were used in attempts to further
characterize this population. However, no clear reaction was
obtained with these antibodies on CHO cell lysates or MP pellets
by Western blot or flow cytometry, respectively. Extracellular MPs
released by CHO-CAR and CHO-CD46 cells were therefore
differentiated only by their sedimentation properties, and referred
to as MP30 and MP100 in the present study.
The yields of MPs spontaneously recovered from 107 cells
(CHO-CAR or CHO-CD46) ranged from 16107 to 36107 for
MP30 after 72 h culture, and a similar recovery was obtained for
MP100. After resuspension of the MP pellets in PBS, the total MP
concentration (titer in physical MPs) of our working stocks usually
ranged between 46107 to 76107 MPs/ml for MP30 or MP100,
corresponding to total protein concentrations in the range of 700–
850 ng/ml. Considering their size and composition heterogeneity,
an average of 100 ng protein corresponded to a total number of
56106 to 76106 MP30 or MP100.
Figure 1. Electron microscopy (EM) of MPs isolated from CHO-
CD46 cells. (A), Negative staining and immuno-EM of MP30CD46. (B),
Negative staining (a), and immuno-EM (b) of MP100CD46. In (A) and (B,
b), immunogold labeling was performed using anti-C46 antibody and
10 nm-gold tagged complementary antibody. MP-associated gold
grains are indicated by arrows. (C), Ultrathin sections of pelletable
complexes of MP30CD46-HAdV5F35, shown at low (a) and high (b)
magnifications. Particles of HAdV5F35 vector (70–80 nm in diameter) in
complex with MP30CD46 are indicated by the letter V.
doi:10.1371/journal.pone.0052326.g001
Microparticles as Vehicles of CAR, CD46 and CFTR
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Efficiency of Incorporation of CAR and CD46 by MPs
MPs isolated from CHO-CAR and CHO-CD46 cells by our
two-step ultracentrifugation procedure were referred to as
MP30CAR and MP100CAR, and MP30CD46 and MP100CD46,
respectively. The proportion of CAR-positive and CD46-positive
MPs was determined by flow cytometry using specific antibodies,
as this technique detected the CAR and CD46 molecules exposed
at the MP surface, and potentially active as adenoviral receptors.
The mean value of the percentage of MP30CAR to total MPs was
5.861.4% (mean 6 SEM, n=3), corresponding to a mean
bioactive MP titer of 26105 MP30CAR/ml, and only 2.861.2%
for MP100CAR. On the other hand, the mean percentage of
MP30CD46 to total MPs was 7.561.5% (viz. a mean bioactive MP
titer of 56105 MP30CD46/ml), versus 2.261.3% for MP100CD46.
Due to the higher proportion of MPs positive for CAR and CD46
glycoproteins in the MP30 populations, MP30CAR and
MP30CD46 were used for the MP-mediated protein transfer
experiments. By taking into account the value of the bioactivity
titer of our MP30 stocks, the MP dose per target CHO cell ranged
from 5 to 50 MP30CAR or MP30CD46.
The presence of CAR or CD46 molecules at the surface of
MP30 and MP100 was confirmed by immunoelectron microscopy
(immuno-EM), using anti-CAR or anti-CD46 mouse monoclonal
antibody followed by a secondary 10 nm-gold-labeled anti-mouse
IgG. The proportion of MP30 or MP100 associated with anti-
CD46-bound or anti-CAR-bound colloidal gold grains was found
to range between 2 to 3% (Fig. 1A, B). This value was consistent
with the flow cytometry data, considering that MP30 and MP100
adsorbed on a solid support did not offer a full access to antibodies,
compared to MPs in suspension.
CD46 and CAR Molecules Displayed on MP30 were
Functional as Adenoviral Receptors
To assess the functionality of CAR and CD46 molecules on
MP30 as adenoviral receptors, samples of MP30CAR and
MP30CD46 were incubated with HAdV5-GFP or HAdV5F35-
GFP vectors for 2 h at 37uC, using equal numbers of MPs and
vector particles. The samples were then layered over a 20%-
sucrose cushion, and centrifuged at 30,0006g for 2 h. The
material which pelleted through the cushion was fixed and
embedded, and ultrathin sections were processed for observation
under the electron microscope (EM). Numerous complexes of
MP30-viral vector particles were observed in the 30,0006g-
pelletable fraction, as exemplified with MP30CD46 and
HAdV5F35-GFP (Fig. 1C). These results confirmed that CD46
and CAR molecules displayed on MP30 were functional as cellular
receptors for their specific adenoviruses. MP30CHO from
unmodified, parental CHO cells were used as negative control.
MP30CHO and MP30CD46 were incubated with aliquots of
HAdV5F35-GFP vector, as above, and the mixtures added to
monolayers of target CHO cells. Samples were harvested after 2 h
at 37uC, and processed for EM. Particles of adenoviral vector were
observed in complex with MP30CD46 at the surface of the target
cells (Fig. 2A), whereas no vector particle in association with
control MP30CHO was observed (Fig. 2B).
MP-mediated Transfer of CAR and CD46 to Target Cells
(i) Transfer efficiency. To evaluate this parameter, aliquots
of MP30CAR and MP30CD46 were added to CHO cell
monolayers (105 cells per well; 5 MP30/cell), and incubated for
2 h at 37uC. The supernatant was then removed and replaced by
prewarmed complete medium. The cells were further incubated at
37uC, and cell samples were harvested at different time intervals,
from 6 h to 10 days. The presence of CAR and CD46 molecules
on the surface of recipient cells was determined by flow cytometry.
The percentage of CAR- or CD46-positive cells was found to be
approximately 3% at 6 h posttransfer (pt), 6–7% at 24–48 h, and
15–18% after 72 h. The plateau at about 15–18% was maintained
until day-5, and progressively declined after one week (not shown).
(ii) Functionality of CAR and CD46 in MP-recipient cells
(MP dose-dependence). To determine whether CAR and
CD46 were functional as adenoviral receptors in MP-transduced
cells, CHO cells were incubated with increasing doses of
MP30CAR or MP30CD46, ranging from 0 to 30 MP30/cell, and
assayed at 48 h pt for their permissiveness to HAdV5-GFP and
HAdV5F35-GFP, respectively. HAdV5-GFP and HAdV5F35-
GFP were used at a constant MOI of 500 vp/cell. As negative
control, MP30CHO from parental CHO cells were used at the
same doses. With MP30CHO, or at low doses of MP30CAR and
MP30CD46 (#5 MP30/cell), 2 to 10% cells were found to become
GFP-positive (Fig. 3), which corresponded to the background of
infection of CHO cells by HAdV5 and HAdV5F35 via other cell
surface molecules, such as heparan sulfate glucosaminoglycans,
which act as alternative receptors for HAdV5 and HAdV5F35
[43,64]. However, CHO cells pre-incubated with MP30CAR or
MP30CD46, and infected with HAdV5-GFP and HAdV5F35-
GFP, respectively, showed a 2- to 3-fold increase in GFP-positive
cells. This significant increase in permissiveness to the adenovirus
Figure 2. EM of target cells incubated with control MP30CHO or
MP30CD46 in complex with HAdV5F35. (A), Ultrathin sections of
target CHO cells incubated with MP30CD46-HAdV5F35 complexes. V,
particles of HAdV5F35 vector. (B), Ultrathin sections of target CHO cells
incubated with control MP30CHO from nontransduced CHO cells, mixed
with HAdV5F35. Sections are shown at low (a) and high (b)
magnifications. Note the absence of vector particles associated with
control MP30CHO.
doi:10.1371/journal.pone.0052326.g002
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vectors was MP dose-dependent (Fig. 3). These results indicated
that MP30CAR and MP30CD46 were capable of transfering the
CAR and CD46 molecules to CHO target cells.
(iii) Receptor specificity in MP-recipient cells. As addi-
tional controls, we assessed the specificity of vector-receptor
recognition, by infecting MP30CD46-transduced cells with
HAdV5-GFP, and vice versa, MP30CAR-transduced cells with
HAdV5F35-GFP. Only a background GFP signal was detected
with these two heterotypic pairs, demonstrating the specificity of
the newly acquired CAR and CD46 receptor molecules towards
their respective adenoviral vectors (Fig. 3).
(iv) Functionality of CD46 as complement regulatory
factor in MP-recipient cells. The antiapoptotic activity of
CD46 transferred to CHO cells was analyzed in CHO cells
interacted with MP30CHO or with MP30CD46, then incubated
with increased doses of complement fraction C3. A significant
effect of protection against complement lysis was observed in
MP30CD46-transduced CHO cells, by comparison to control cells
(Fig. 4A).
Influence of VSV-G Incorporation on MP30-mediated
Transfer of CAR or CD46
The following experiments were designed to determine whether
the transfer of CAR or/and CD46 to target CHO cells would be
improved by the incorporation of VSV-G, the envelope glycopro-
tein G of vesicular stomatitis virus, into the MP envelope. We
found that baculovector-mediated expression of VSV-G in CHO-
CAR and CHO-CD46 cells did not enhance the production of
CAR- or CD46-pseudotyped MPs (data not shown). Likewise,
coincorporation of VSV-G with CAR or CD46 into MP30 did not
significantly increase the degree of permissiveness of CHO cells to
HAdV5-GFP or HAdV5F35-GFP after transduction by
MP30CAR-VSV-G or MP30CD46-VSV-G (Fig. S2). This implied
Figure 3. MP30-mediated transfer and functionality of (a) CAR, or (b) CD46 as adenoviral receptors in target cells. Aliquots of CHO cells
(target cells) were incubated with MP30CAR (a) or MP30CD46 (b) at different MP doses per cell, as indicated in the x-axis. At 72 h after MP30-cell
interaction, cells were infected with HAdV5-GFP or HAdV5F35-GFP vector, at the same MOI (500 vp/cell). The degree of CHO permissiveness to
HAdV5-GFP or HAdV5F35-GFP vector was evaluated by flow cytometry analysis of the intracellular GFP signal. In (a), HAdV5F35-GFP, which does not
recognize CAR as cellular receptor, was used as the negative control. In (b), HAdV5-GFP, which does not recognize CD46 as cellular receptor, was
used as the negative control. MP30 from nontransduced CHO cells (Control MP) served as the negative controls in both panels.
doi:10.1371/journal.pone.0052326.g003
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that VSV-G was not a facilitator of MP30 uptake by the target
CHO cells, and VSV-G was not included in the following
experiments.
Time-course Analysis of the Acquisition of New
Functionality by MP30-recipient Cells
The next issue was to determine at which time after
MP30CD46-cell interaction the CHO target cells acquired the
adenovirus receptor function carried by CD46. CHO cells were
incubated with a constant dose of MP30CD46 (20 MP30/cell), and
at different times after MP30-cell interaction, the cells were
incubated with HAdV5F35-GFP vector at constant vector MOI
(500 vp/cell) for 2 h at 37uC. At 48 h post-infection (pi), the
permissiveness of the cells to HAdV5F35-GFP was determined by
flow cytometry analysis. A progressive increase in adenoviral
permissiveness was observed, with 10% GFP-positive cells at 48 h
pi, reaching a plateau of 20–25% GFP-positive cells at 72–144 h
(Fig. 4B). Similar results were obtained with MP30CAR (not
shown). The kinetic data implied that a larger proportion of cells
became permissive to adenovirus with time, and suggested the
contribution of additional CD46 molecules. This was likely due to
newly synthesized CD46 from CD46-encoding mRNA transferred
by MP30CD46 to the target cells, as demonstrated below for MP-
mediated CFTR transfer.
Generation of CHO Cells Stably Expressing GFP-CFTR
A CHO cell line stably expressing GFP-fused human CFTR
was generated (CHO-GFP-CFTR) using the pCEP4-GFP-CFTR
episomal plasmid. The pCEP4-GFP-CFTR-directed expression of
the GFP-CFTR fusion protein in these cells showed localisation of
GFP signal in the cytoplasm, perinuclear and submembrane
regions (Fig. 5A i, ii; and Fig. S3A). A similar fluorescence
pattern was observed in CHO-CD46 cells transduced by the
HAdV5F35-GFP-CFTR vector which were used as positive
control (Fig. 5A iii, iv). In CHO-GFP-CFTR cells, the CFTR
molecules were correctly oriented in the plasma membrane, as
Figure 4. Functionality of exogenous CD46 in MP30CD46-transduced CHO cells. (A), CD46 as complement C3 regulator. CHO cells
were harvested at 48 h posttransfer, and the CD46-induced protection against complement C3-mediated cell apoptosis was assayed by the
percentage of Annexin V-positive cells determined by flow cytometry at increasing doses of complement C3. (B), Kinetics of the gain of
adenoviral receptor function by MP30CD46-transduced CHO cells. CHO cells were harvested at different times after MP30CD46-transfer, and
cell permissiveness to the HAdV5F35-GFP vector was assessed by infection with HAdV5F35-GFP at MOI 500. Cells were analyzed for GFP signal at 48 h
postinfection. The degree of permissiveness to the vector was expressed as the percentage of GFP-positive cells (left y-axis), and the relative
transduction efficiency (RTE; right y-axis). The RTE, in arbitrary units (AU), was given using the formula = (percentage of GFP-positive cells) x (MFI;
mean fluorescence intensity).
doi:10.1371/journal.pone.0052326.g004
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shown by the labeling of nonpermeabilized CHO-GFP-CFTR
cells with an anti-CFTR monoclonal antibody directed against the
first extracellular loop of the CFTR ectodomain (Fig. 5B).
The chloride channel function in CHO-GFP-CFTR cells was
investigated using the voltage-sensitive probe DiSBAC2(3). The
fluorescent signal of DiSBAC2(3) has been shown to vary with
changes of the membrane potential induced by the cAMP/low-
chloride-mediated activation of the CFTR [65]. Parental CHO
cells were used as negative controls, and CHO-CD46 cells
transduced by the HAdV5F35-GFP-CFTR vector were used as
positive controls. A positive fluorescent signal was observed in
CHO-GFP-CFTR cells in response to the addition of the cAMP-
based cocktail of CFTR activators, demonstrating the functionality
of the exogenous GFP-CFTR molecules as chloride channels
(Fig. 5C). HAdV5F35-GFP-CFTR-transduced cells used as
positive control showed a strong enhancement of the fluorescent
signal in the presence of CFTR activators (Fig. 5C), consistent
with the high transduction efficiency of CHO-CD46 by
HAdV5F35 [55,66]. CHO-GFP-CFTR cells were then tested
for the production of MPs carrying GFP-CFTR (MP-GFP-CFTR)
and the MP-mediated delivery of CFTR to target cells.
Isolation and Recovery of MP-GFP-CFTR
MP30GFP-CFTR and MP100GFP-CFTR were recovered from
the CHO-GFP-CFTR cell culture medium by the ultracentrifu-
gation procedure mentioned above and depicted in Fig. S1. The
presence of the GFP-tag allowed the direct tracking of GFP-CFTR
molecules in the different cell compartments, such as the vesicular
compartment and plasma membrane [55,66]. It also allowed the
detection of GFP-CFTR incorporated in MPs derived from GFP-
CFTR-expressing cells. The recovery of MP30GFP-CFTR and
MP100GFP-CFTR ranged from 1610
7 to 56107 per 107 CHO-
GFP-CFTR cells. Flow cytometry analysis indicated that the GFP-
CFTR signal was detected in both MP30 and MP100 populations,
although in significantly higher amounts in MP30 compared to
MP100 : 10.363.3% GFP-CFTR-positive MP30 (m6 SEM, n=3),
versus 3.663.3% for MP100. The presence of CFTR in both MP
populations was not surprising, considering the trafficking of
Figure 5. Expression, immunoreactivity and functionality of GFP-CFTR protein expressed from an episomal plasmid in CHO cells
(MP-producer cells). (A), CHO cells harboring the GFP-CFTR-encoding pCEP4 episomal plasmid, were examined by phase-contrast (i) and
epifluorescence microscopy (ii) of GFP-tagged CFTR protein. Positive controls, consisting of CHO cells transduced by the adenoviral vector HAdV5-
GFP-CFTR were similarly examined by phase-contrast (iii) and epifluorescence microscopy (iv). Scale bars, 20 mm. (B), Surface expression and correct
orientation of the GFP-tagged CFTR protein in pCEP4-GFP-CFTR harboring CHO cells, evaluated by flow cytometry using monoclonal antibody
against the first extracellular loop of the CFTR ectodomain. (C), Chloride channel activity of CFTR in negative control CHO cells (dotted bars), positive
control HAdV5F35-GFP-CFTR-transduced CHO-CD46 cells (hatched bars), and pCEP4-GFP-CFTR harboring CHO cells (black bars), evaluated using the
fluorescent probe DiSBAC2(3). The time-course analysis of DiSBAC2(3) fluorescence changes in the presence of a cocktail of CFTR activators was
monitored in regions of the cell monolayers corresponding to 20–30 cells. Bars represent the mean fluorescence value for each field of 20–30 cells 6
SEM. Symbols: *, p,0.05; **, p,0.01; ns, not significant.
doi:10.1371/journal.pone.0052326.g005
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CFTR molecules between intracellular membranal compartments
and the cell surface.
Fractionation of MP30GFP-CFTR and MP100GFP-CFTR
Populations and Distribution of GFP-CFTR between MP
Subclasses
To obtain the maximum efficiency of GFP-CFTR transfer to
target cells, it was important to determine whether a particular MP
fraction could be enriched in GFP-CFTR. To this aim, the MP30
and MP100 populations from CHO-GFP-CFTR cells were further
fractionated into subpopulations differing in density, using
ultracentrifugation in isopycnic gradients [67]. Three subpopula-
tions, corresponding to three density classes, were obtained for
each MP population (Fig. S1): (i) MPs of low density (MP30LD
and MP100LD) with a mean density (rm) of 1.10; (ii) MPs of
intermediate density (MP30ID and MP100ID; rm=1.16); and (iii)
MPs of high density (MP30HD and MP100HD; rm=1.21). Each
subclass of MP30 and MP100 populations was then assayed for the
presence of GFP-CFTR by flow cytometry analysis. The GFP-
CFTR protein was detected in all MP subclasses, with the highest
proportion of GFP-CFTR-positive MPs found in the high-density
compared to low-density subclasses: 14.5% for MP30HD versus
6.2% for MP30LD, and 8.3% for MP100HD versus 1.4% for
MP100LD (Table 1). This data suggested that CFTR glycoprotein
was associated with the higher density MPs.
Kinetics of MP-mediated Transfer of GFP-CFTR to Target
Cells
The following experiments were designed to determine the
capacity of each subpopulation of MPs to transfer GFP-CFTR to
target CHO cells. The MP30 (LD, ID and HD), and MP100 (LD,
ID and HD) subclasses were incubated with CHO cells at a ratio
of 5 MPs/cell for 2 h at 37uC. Inocula were removed, and
monolayers were postincubated with fresh, prewarmed medium at
37uC for 6 days. At different time-points, cell samples were
examined by fluorescence microscopy and flow cytometry for
qualitative and quantitative analyses of the GFP signal, respec-
tively. With the MP30 population, the GFP profiles did not differ
significantly for the three subclasses. At 2 h pt, 3.8 to 4.4% CHO
cells were GFP-positive, increasing to 5.5–6.6% at 4 h pt, followed
by a slight decrease at 6–8 h pt (Fig. 6A). At 8 h pt, the proportion
of GFP-positive cells increased progressively for the three MP30
subclasses, to attain a value of 73–83% GFP-positive cells 5 days pt
(Fig. 6A). A similar kinetics of appearance of GFP-positivity was
observed with the three MP100 subclasses: a discrete peak was
detected at 4 h pt, followed by a slight decrease at 6–8 h pt, and a
progressive increase to 57–76% GFP-positive cells after 5 days
(Fig. 6B).
The cell surface expression and proper membrane insertion of
GFP-CFTR was investigated by flow cytometry, using the anti-
CFTR ectodomain antibody as above. The maximal CFTR
display at the cell surface was observed at 2–3 days pt, with 50–
60% CFTR-positive cells after MP30-mediated transduction
(Fig. 7A). Similar levels (60–70% CFTR-positive cells) were
Table 1. Proportion of GFP-positive MPs in the different MP subclasses, and GFP-CFTR mRNA content (a).
Density subclass GFP(+) MP30 (% total MP) GFP(+) MP100 (% total MP) GFP-CFTR RNA in MP30
(b) GFP-CFTR RNA in MP100
(b)
LD (rm=1.10) 6.262.5 1.460.4 82.5614.3 97.7677.0
ID (rm= 1.16) 10.461.7 1.261.2 61.6635.2 44.0632.3
HD (rm=1.21) 14.563.2 8.362.1 51.3630.7 60.5622.5
(a)The proportion of GFP-positive MPs was determined by flow cytometry, and the GFP-CFTR mRNA content by qRT-PCR analysis. Data shown in the Table are mean
values (m) 6 SEM (n= 3).
(b)The values obtained after RT-PCR amplification of a RNA fragment of 196 nt in length overlapping the GFP C-terminal and CFTR N-terminal sequences were expressed
as ng RNA per 107 MP30 or MP100.
doi:10.1371/journal.pone.0052326.t001
Figure 6. Time-course expression of GFP-CFTR in MP-trans-
duced CHO cells. (A), (B), GFP-positive cells (expressed as %) were
determined by flow cytometry analysis of MP30-transduced (A) and
MP100-transduced cells (B), harvested at different times post-transfer
(pt). Bars represent mean values 6 SEM (n= 3).
doi:10.1371/journal.pone.0052326.g006
Microparticles as Vehicles of CAR, CD46 and CFTR
PLOS ONE | www.plosone.org 7 December 2012 | Volume 7 | Issue 12 | e52326
observed after MP100-mediated transduction (Fig. 7B). The
presence of CFTR at the cell surface progressively declined after
day-4 (Fig. 7A, B).
Interestingly, there was a slight, but significant difference in
profile between the GFP signal and the CFTR ectodomain
immunoreactivity. The proportion of GFP-positive cells remained
as a plateau after 6 days (refer to Fig. 6 A, B) whereas the display of
CFTR at the cell surface decreased after day-4 (refer to Fig. 7).
Likewise, MP30- and MP100-recipient cells examined at day-5 pt
by confocal microscopy showed that the majority of the GFP-
CFTR signal appeared as cytoplasmic dots and speckles corre-
sponding to vesicular compartment(s), and in relatively low
proportion at the plasma membrane (Fig. S3B).
Occurrence of GFP-CFTR-encoding mRNA in MPs and
MP-recipient Cells
The kinetics of appearance of GFP-positive cells shown in Fig.5
suggested an early (4 h pt) and a late phase (3 days pt) of MP-
mediated GFP-CFTR transfer. We hypothesized that at early
times after interaction of MP30 and MP100 with target cells,
membrane-inserted GFP-CFTR glycoprotein molecules were
transferred to a small number of target cells (less than 10%),
following a pathway of MP-cell binding, endocytosis and
membrane fusion. At late times, the GFP-CFTR protein detected
in the MP-recipient cells was likely due to the neosynthesis of GFP-
CFTR from MP-embarked GFP-CFTR-encoding mRNA mole-
cules. To test this hypothesis, total RNA were extracted from the
different MP30 and MP100 subclasses, and analysed for the
presence of GFP-CFTR-encoding mRNA (mRNAgfp-cftr), using
quantitative RT-PCR and specific primers overlapping the
junction of the GFP C-terminal and CFTR N-terminal coding
sequences [55,66]. All MP subclasses were found to contain
comparable amounts of mRNAgfp-cftr (Table 1). However, when
the values of the MP content of mRNAgfp-cftr were expressed as the
ratio to b-actin mRNA content used as endogenous control,
significant differences in composition were observed between the
MP subclasses (Fig. 8A, B).
Figure 7. Time-course expression of GFP-CFTR glycoprotein at the surface of MP-transduced CHO cells. Cells harvested at different
times after MP-cell transfer were analyzed by flow cytometry for the immunoreactivity of the first N-terminal loop of the CFTR ectodomain with anti-
CFTR monoclonal antibody. (A), MP30-transduced CHO cells. (B), MP100-transduced CHO cells. Bars represent mean values 6 SEM (n=3).
doi:10.1371/journal.pone.0052326.g007
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Similarly, total RNA were extracted from MP-recipient cells
incubated with MP30 (LD, ID and HD), and MP100 (LD, ID and
HD) at day-5 pt, and qRT-PCR was carried out as above, using b-
actin mRNA as internal control. As positive controls, CHO-CD46
cells transduced by HAdV5F35-GFP-CFTR were processed for
RNA extraction and qRT-PCR assays. We found that the
recipient cells incubated with all the different subclasses of of
MP30 and MP100 contained mRNA
gfp-cftr, with a ratio to b-actin
content varying from 0.5- to 2-fold (Fig. 8C, D). Interestingly, the
variations in the cellular content of mRNAgfp-cftr reflected the
respective contents of the different MP subclasses. The observation
that almost 80% of the cells expressed GFP-CFTR protein at late
times pt suggested that nearly all cells received mRNAgfp-cftr
molecules when a bioactive MP-to-cell ratio of 5 MPs/cell was
used.
The efficiency of transfer of mRNAgfp-cftr was calculated as
follows. The average content of donor cells was found to be
4.46108 copies of mRNAgfp-cftr per mg total cellular RNA
extracted, with values ranging from 2.26108 to 6.66108 copies.
The average content of MP-recipient cells incubated with MP100-
GFP-CFTR was 3.56107 copies of mRNAgfp-cftr at 48 h after
transfer using 5 MPs/cell, with values ranging from 1.76107 to
5.36107 copies per mg total cellular RNA. We estimated the
transfer efficiency as the ratio 3.56107 : 4.46108 < 8%.
To eliminate the possibility of DNA transfer via MPs, CHO
cells were harvested at 48 h after incubation with each of the
different subclasses of MP30 and MP100, the DNA extracted and
probed for the episomal plasmid pCEP4-GFP-CFTR, using PCR
amplification of a 196 nt fragment overlapping the GFP-3’ and
CFTR-5’ sequences [66]. No specific DNA fragment was found at
this position in all cell samples tested (Fig. S4).
Functionality of Exogenous CFTR as Chloride Channel in
MP-recipient Cells
The next issue to address was whether target CHO cells
incubated with MP-GFP-CFTR acquired the CFTR-associated
chloride channel activity. CHO cells were taken 3 days after
incubation of MP30-GFP-CFTR or MP100-GFP-CFTR, the time
at which a maximum number of cells were observed to be GFP-
and CFTR-positive (refer to Fig. 6 and 7). The changes of the
DiSBAC2(3) fluorescent signal in MP-transduced cells in response
to the CFTR activator and inhibitor were monitored by
quantitative fluorescence microscopy (Fig. 9). As exemplified
with MP100-GFP-CFTR, the fluorescent signal increased progres-
sively in the presence of CFTR activators, and rapidly decreased
to background levels upon the addition of the CFTR inhibitor
GlyH-101 (Fig. 9). This effect was reversible, as the fluorescence
recovered progressively with the removal of GlyH-101 from the
Figure 8. Occurrence of GFP-CFTR-encoding mRNA in MPs and MP-transduced CHO cells. Bar graph representation of qRT-PCR assays of
MP30 (A), MP100 (B), MP30-transduced CHO cells (C), and MP100-transduced CHO cells (D). Data shown in the graphs are mean values (m) 6 SEM
(n=3). Symbols: *, p,0.05; **, p,0.01; ***, p,0.001; ns, not significant.
doi:10.1371/journal.pone.0052326.g008
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cAMP-containing superfusion medium (Fig. 9). Thus, the target
CHO cells showed a gain in biological function, i.e. the chloride
channel activity associated with acquired CFTR molecules.
Discussion
The current trends in biotherapy comprise the development of
stem cell technology in combination with ex vivo gene therapy, the
improvement of synthetic vectors, or the design of immunologi-
cally stealthy viral vectors, or safer viral integrative vectors with
controlled integration sites in host cells. The present study
explored an alternative strategy to transfer therapeutic biomole-
cules to target cells, using MPs as conveyors. MPs have been
reported to successfully mediate the transfer of surface molecules,
such as receptors and extracellular matrix proteases, and also
intracellular components, including proteins, lipids and RNA
molecules of different types [1–3,27].
In the present study, the cellular model for MP production and
uptake was the Chinese Hamster Ovarian (CHO) cell line, used as
MP-producer and MP-recipient cells. This choice was based on
the following considerations. (i) CHO cells did not express
orthologs of the human CAR, CD46 and CFTR glycoproteins,
Figure 9. CFTR channel activity in MP-transduced CHO recipient cells. (A), Evolution of the DiSBAC2(3) fluorescence signal. The time-
course analysis of DiSBAC2(3) fluorescence changes was monitored in regions of the cell monolayer corresponding to 20–30 cells, taken at 72 h post-
transfer, a time point corresponding to the maximal immunoreactivity of CFTR glycoprotein at the cell surface. Changes in the fluorescent signal were
expressed as Ft/F0 ratio values, in which Ft and F0 were the fluorescence values at the times t and t0, respectively, and t0 the time when the cAMP-
containing, CFTR-activating cocktail was added. The cocktail of CFTR activators was maintained throughout the experiment. The CFTR inhibitor GlyH-
101 was added for 5 min (phase II, marked by two vertical arrows). Phase III shows reversibility of the CFTR block and recovery of the fluorescent
signal. (B), Fluorescence microscopy. Photographs of cell monolayers were taken at different time-points corresponding to the four successive
phases, as indicated on the curve by the letters (a), (b), (c) and (d).
doi:10.1371/journal.pone.0052326.g009
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which made possible the assessment of the capability of MPs to
transfer the CAR-, CD46- and CFTR-specified function(s) to these
target cells. (ii) Previous experiments of expression of human
CFTR, CAR and CD46 in CHO cells have shown the
functionality of these proteins and their localisation at the plasma
membrane [44,48,63,68]. (iii) A homologous cell system, with the
maximal degree of compatibility between MP-donor and MP-
recipient cells in terms of membrane composition, would optimize
the cell-to-cell transfer of biological material.
Three types of human cell surface molecules with different
degrees of complexity were used as prototype bioactive glycopro-
teins in our study: (i) CAR and (ii) CD46, which are both
monospanins and act as high affinity receptors for human
adenovirus serotypes 5 and 35, respectively; and (iii) CFTR, a
complex transmembrane glycoprotein which functions as a
chloride channel. The MP-donor cells were CHO cell lines which
constitutively expressed CAR, CD46, or CFTR. MP-target cells
were naive CHO cells, which lacked CAR and CD46 and did not
express the equivalent of the human CFTR glycoprotein. In all the
three cases, the MP-donor cells were grown in the absence of
chemical or biological stress, to avoid the occurrence of apoptotic
factors within MPs and the possible transfer of stress signals to
recipient cells. The populations of MPs issued from CAR-, CD46-
or CFTR-expressing CHO cells were separated according to their
size by velocity ultracentrifugation, yielding MP30 and MP100
fractions.
We found that it was possible to transfer CAR and CD46 to
target CHO cells using MPs as vehicles, resulting in the acquisition
of new biological functions by the target cells. CHO cells
incubated with MP30CAR and MP30CD46 became permissive
to HAdV5 and AdV5F35 infection, respectively. In addition, cells
incubated with MP30CD46 acquired resistance to complement
C3-induced apoptosis. The MP-mediated transfer of CD46 might
have potential therapeutic applications in the control of allograft
rejection, as well as in gene therapy and/or vaccinology using
HAdV35-based vectors. The MP-mediated transfer of CAR might
be used to confer viral permissiveness to adenovirus-refractory
cells, such as tumor cells towards HAdV5-based oncolytic vectors.
The viral glycoprotein VSV-G, which has a high fusiogenic
activity, has been advantageously used to augment the efficacy of
membrane fusion between virus (or VLP) and target cells [35,37–
39,69–71]. In the present study however, coincorporation of VSV-
G at the surface of MP30CAR or MP30CD46 did not improve the
transfer efficiency of CAR or CD46 molecules to target cells.
In the case of CFTR, MPs were isolated from the culture
medium of CHO cells which were engineered to constitutively
express GFP-CFTR. MP30GFP-CFTR and MP100GFP-CFTR
obtained by velocity ultracentrifugation were further fractionated
into three density subclasses: MPs of low, intermediate and high
density, respectively. All MP subclasses incorporated significant
levels of GFP-CFTR protein as well as mRNAgfp-cftr, with no
significant variations between the different subclasses. Likewise, all
MP subclasses were competent in transferring GFP-CFTR to
target CHO cells. The kinetics of appearance of the GFP signal in
these cells showed two separate peaks, which suggested an early
(4–6 h) and late phase (3 days) of protein transfer after MP-cell
interaction. The early GFP signal detected in target cells likely
resulted from the transfer of GFP-CFTR protein via different
mechanisms described in the literature [1–4], such as the direct
fusion between MP membrane and target cell plasma membrane,
endocytosis of the MPs and recycling of GFP-CFTR to the cell
surface, or the coexistence of both mechanisms. Interestingly, the
incorrect insertion and orientation of a protein in the plasma
membrane of recipient cells have been reported [72]. In the
present study, the GFP-CFTR was inserted in the plasma
membrane of target cells in the correct in-out orientation, as
validated by an antibody recognising an extracellular loop of the
CFTR.
At the late phase after MP transfer, almost 80% of the target
cells became positive for GFP-CFTR, due to GFP-CFTR
molecules issued from de novo protein synthesis directed by
exogenous mRNAgfp-cftr (free or/and polysomal) transferred over
by MP30 or MP100. Attempts to block the protein synthesis
machinery in MP-recipient CHO cells using cycloheximide (CH)
were performed to further explore this mechanism. However, the
results were inconclusive, due to the unexpected high cytotoxicity
of CH towards GFP-CFTR-expressing CHO cells, when treated
with the protein synthesis inhibitory doses usually applied to
human cells (10 to 20 mg/mL; [73]). Of note, the half-life of the
CFTR gene products in human cells has been determined to be
,48 h for the CFTR glycoprotein [74,75], and $20 h for the
mRNAcftr [76].
MPs have been shown to carry and transfer mRNAs and
microRNAs to target cells, as a general mechanism of intercellular
communication [3,5,7,11,27,29]. MP-delivered RNA has been
termed shuttle RNA ( [11]), and has been found to be functional in
the new cellular context [7,29,77–80]. Consistent with the results
of these previous studies, our experimental data showed that our
shuttling mRNAgfp-cftr was functional, and that neosynthesized
GFP-CFTR glycoproteins were addressed to the cell surface of
target cells, correctly inserted into their plasma membrane, and
metabolically active in anion transport. Using a fluorescent voltage
sensitive DISBAC3(2) probe assay, the CFTR-associated chloride
channel activity was detected in MP-recipient cells at the late
phase (day-3), when the translational machinery from the
exogenous mRNAgfp-cftr became fully operational. The chloride
channel function was not detectable in MP-recipient cells at early
times, possibly due to a threshold in the detection of this activity
using the fluorescent probe.
Our observation that MP30 and MP100 produced by CHO-
GFP-CFTR donor cells were equally capable of transferring
mRNAgfp-cftr to target cells implied that both populations were
competent for CFTR delivery. Fractionation of MP30 or MP100 by
isopycnic ultracentrifugation did not result in any significant
enrichment of a particular subclass in mRNAgfp-cftr molecules.
However, in future studies using MPs issued from donor cells of
human origin, fractionation of MPs specifically carrying mRNAcftr
using MP sorting based on surface markers available in human
cells, would be advantageous for a higher efficiency of CFTR
delivery. Cell-derived MP30 or MP100 appeared therefore as
promising biological vehicles of therapeutic mRNAs exerting their
therapeutic function(s) indirectly, via their encoded proteins. In
particular, in the case of cystic fibrosis, MPs have a potential
application in nongenic, cell-to-cell autologous transfer of human
mRNAcftr and the restoration of the normal chloride channel
function in CFTR-deficient cells.
Materials and Methods
Cells and Plasmids
HEK-293 cells, obtained from the ATCC (Manassas, VA), were
maintained as monolayers in Dulbecco’s modified Eagle’s medium
(DMEM, Gibco-Invitrogen) supplemented with 10% fetal bovine
serum (FBS, Gibco-Invitrogen), penicillin (100 U/ml) and strep-
tomycin (100 mg/ml) at 37uC and 5% CO2. Chinese hamster
ovarian cells (CHO-K1 or simply CHO) was obtained from the
ATCC, CAR-expressing CHO cells (CHO-CAR) from Dr. J.
Bergelson [44], and CD46-expressing CHO cells (CHO-CD46)
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from Dr. D. Gerlier [63].They were grown in Iscove’s medium
supplemented with 10% FBS and 50 mg/ml gentamicin (Invitro-
gen). To generate the CHO cell line stably expressing GFP-
CFTR, the GFP-CFTR gene was excised from the plasmid pGFP-
CFTRwt described in a previous study [55], using Nhe I and Sma I
digestion, and inserted into pCEP4 (Invitrogen, Life Technologies).
This plasmid vector was designed for high-level, constitutive
expression from the CMV promoter, and which contains the
EBNA-1 gene for episomal maintenance in human cell lines. Sfi I-
linearized and blunted pCEP4 was further digested with Nhe I.
After purification by agarose gel electrophoresis, the Nhe I-cut
pCEP4 was ligated with the GFP-CFTR-containing Nhe I-Sma I
DNA fragment, generating the pCEP4-GFP-CFTR vector. CHO
cell monolayers were transfected with pCEP4-GFP-CFTR, using
Lipofectamine-2000 (Invitrogen), according to the manufacturer’s
instructions. CHO cells harboring pCEP4-GFP-CFTR (referred to
as CHO-GFP-CFTR) were selected using culture medium alpha-
MEM with ribonucleosides (Invitrogen), supplemented with 5%
FBS, penicillin (100 U/ml), streptomycin (100 mg/ml) and hygro-
mycin-B (50 mg/mL). The episomal plasmid pCEP4-GFP-CFTR
was found to be maintained in transfected cells for at least six
months under hygromycin-B selection pressure.
Isolation of MPs Carrying Human Glycoproteins CAR (MP-
CAR), CD46 (MP-CD46) or GFP-CFTR (MP-GFP-CFTR) (Fig.
S1)
(i) Velocity ultracentrifugation. MPs were recovered from
the culture medium of nonstressed cells, consisting of control
CHO (MP-CHO), CHO-CAR (MP-CAR), CHO-CD46 (MP-
CD46 and CHO-GFP-CFTR (MP-GFP-CFTR). This was carried
out by using a previously published centrifugation protocol [81]
with the following modifications. Cells were seeded at 70–80%
confluence, grown for 48 h to reach confluence (107 cells), then
maintained for an additional 24 h. Culture medium was clarified
from cell debris by centrifugation for 2 min at 13,0006g and 4uC.
This clarified supernatant (S0) was the source of MPs. S0 was
centrifuged at 30,0006g and 4uC for 2 h. The pellet P1 was kept,
and referred to as MP30. The supernatant (S1) was centrifuged at
100,0006g and 4uC for 2 h, to obtain pellet P2, referred to as
MP100. Pellets P1 and P2 were resuspended in 200 ml phosphate
buffered saline (PBS) with gentle mixing, for further analysis by
flow cytometry, and stored at 4uC before use for MP-mediated
protein transfer, or further MP fractionation.
(ii) Isopycnic ultracentrifugation. MP30 and MP100 were
further fractionated by ultracentrifugation of flotation in isopycnic
gradient, to separate the MP30 and MP100 fractions into subclasses
differing by their apparent density [67]. Samples of MP30 or
MP100 in PBS were placed at the bottom of a preformed linear
sucrose-D2O gradient (10 ml total volume; 0.25 to 2.5 M sucrose).
The 2.5 M sucrose solution was made in D2O buffered to pH 7.2
with NaOH, and the 0.25 M sucrose solution was made in 10 mM
Tris-HCl, pH 7.2, 150 mM NaCl, 5.7 mM Na2EDTA. The
gradients were centrifuged for 18 h at 100,0006g in a Beckman
SW41 rotor. Fractions of 0.4 ml were collected from the top, and
density measured by weighing 100 ml-aliquots, using a precision
scale. Fractions were pooled according to their apparent density,
and three pools were constituted : MPs of low density (MP30LD
and MP100LD, respectively) corresponded to pooled fractions 1–7,
with densities (r) ranging from 1.06 to 1.14 (mean r : rm=1.10),
MPs of intermediate density (MP30ID and MP100ID) to fractions
8–14 (1.14# r #1.18; rm=1.16), MPs of high density (MP30HD
and MP100HD) to fractions 15–21 (1.18# r #1.25; rm=1.21).
Pooled fractions were diluted with 5 vol PBS, and MP30 pelleted
by ultracentrifugation for 2 h at 30,0006g and 4uC, and MP100
pelleted by ultracentrifugation for 2 h at 100,0006g and 4uC.
Pelleted MPs were resuspended in 200 ml PBS, further analyzed by
flow cytometry, and stored at 4uC before use in our experiments of
MP-mediated cell transfer of GFP-CFTR protein.
MP Titration
(i) Titer in total MPs. Quantification of the total MP
content in samples resuspended in PBS was determined by flow
cytometry, using a FACSCantoTM II cytometer and the DIVA6
software (Becton Dickinson Biosciences). The CountBrightTMAb-
solute Counting Beads kit (Invitrogen Catalog# C-36950) and the
Flow Cytometry Size Calibration kit (Nonfluorescent Micro-
spheres; Invitrogen Catalog # F-13838) were used for the
calibration of MP number and size, respectively. A total of
20,000 events was acquired for each sample for the calculation of
the titer in total MPs.
(ii) Titer in bioactive MPs: MP-CAR, MP-CD46 and MP-
GFP-CFTR. The proportion of MPs which displayed CAR,
CD46 or GFP-CFTR at their surface and were potential
conveyors of functional molecules was also determined by flow
cytometry, using CAR or CD46 antibodies. For MP-GFP-CFTR,
both GFP signal of the tagged CFTR protein and anti-CFTR
antibody were used for flow cytometry analysis. The titer in CAR-,
CD46 or GFP-positive MPs/ml was the one taken into account for
MP-mediated cell transduction.
MP-mediated Transfer of CAR, CD46 or GFP-CFTR into
Target Cells
Samples of CHO cell monolayers (56105 cells/well) were
incubated with 200 ml-aliquots of MP-CAR, MP-CD46 or MP-
GFP-CFTR suspensions in PBS mixed with prewarmed serum-
free medium, at a constant transducing dose of 5 MPs per cell.
After 2 h MP-cell interaction at 37uC, the 200 ml-mix was
removed and replaced by 500 ml of prewarmed complete medium.
The cells were further incubated for 48 h at 37uC, and assayed for
newly acquired functions, i.e. permissiveness to adenovirus,
resistance to complement induced apoptosis, GFP signal, or
chloride channel activity. MP-transduced cells were taken at 72 h
after MP interaction, and incubated with HAdV5-GFP or
HAdV5F35-GFP at 500 vp/cell. GFP-expression was monitored
in live cells using a Zeiss Axiovert-135 inverted microscope
(magnification:620) equipped with an AxioCam digital camera.
Cells were then harvested at 48 h pi, and GFP expression
quantitated using flow cytometry.
CD46 Anti-complement Activity
MPs isolated from the culture medium of CHO cells (negative
control MP-CHO) or CHO-CD46 (MP-CD46) were incubated
with aliquots of recipient CHO cells for 2 h at 37uC and 5% CO2,
as above described. The culture medium was then removed and
replaced by fresh medium containing complement fraction C3
(Sigma-Aldrich) at the concentrations of 1, 10, and 100 mg/mL,
and cells further incubated for 48 h. The degree of cell apoptosis
was measured by flow cytometry, using the Annexin V-FITC
apoptosis detection kit (Sigma-Aldrich) according to the manufac-
turer’s instructions.
PCR Analysis
(i) Real-time RT-PCR quantification of GFP-CFTR-
encoding mRNA. Total RNA was extracted from MPs released
from GFP-CFTR-expressing cells, or from MP-GFP-CFTR-
transduced cells, using the Nucleospin RNA II kit (Macherey
Nagel). Aliquots of 1 mg RNA was reverse transcribed using the
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SuperScriptTM III First Strand Synthesis SuperMix kit (Invitrogen)
and real-time PCR was performed using the LightCycler and a
LightCycler DNA Master SYBR Green I kit (Roche). Quantitative
real-time PCR was performed using an antisense primer designed
from the 59 end of the CFTR gene (nucleotide position 78 in the
CFTR gene; 59-GCGCTGTCTGTATCCTTTCCTCAA) and a
forward primer designed from the 39 end of the GFP gene
(nucleotide position 621; 59-AACGAGAAGCGCGATCA-
CATG). The PCR-amplified fragment was 196 nucleotides in
length and overlapped the GFP and CFTR junction sequence
[66].
(ii) GFP-CFTR DNA. The GFP-CFTR gene carried by the
pCEP4-GFP-CFTR plasmid vector was detected using the same
primers as above, on the host cell genomic DNA substrate
obtained using the DNeasy Blood and Tissue kit (Qiagen).
CFTR Channel Function Assayed by Membrane Potential-
sensitive Oxonol Probe and Cell Imaging
The fluorescent voltage sensitive probe bis(1,3-dialkylthiobarbi-
turic acid)oligomethine oxonol (DiSBAC2(3)) was used as previ-
ously described [65]. In brief, cells were loaded for 30 min with
100 nM DiSBAC2(3) in a normal chloride solution containing
136 mM NaCl, 4 mM KCl, 1 mM CaCl2, 1 mMMgCl2, 2.5 mM
glucose and 10 mM Hepes (pH 7.4). Cells were then superfused
with DiSBAC2(3) in a low chloride solution, whereby NaCl was
replaced by sodium gluconate, and supplemented with a cAMP
cocktail consisted of 200 mM dibutyryl-adenosine 39:59-cyclic
monophosphate, 200 mM of 4-chlorophenylthio)-cAMP, 20 mM
Forskolin and 50 mM 3-isobutyl-1-methylxanthine. Fluorescent
cells were viewed on an inverted TMD300 microscope (Nikon
AG, Ku¨rsnacht, Switzerland) equipped with a high-sensitivity
black and white CoolSNAP HQ2 CCD camera (Visitron Systems
GmbH, Puchheim, Germany). DiSBAC2(3) was excited at
546 nm with a 100-W xenon lamp and the emitted fluorescence
was collected through a 580 nm barrier filter. Images were
captured every 10 sec, stored and processed using Metafluor
version 8.01 software (Universal Imaging Corp., Downington, PA).
Regions of interest were delineated for up to 30 cells and changes
in the fluorescent signal measured in each region were expressed
as the Ft/F0 ratio, in which Ft and F0 were the fluorescence values
at the time t and at the time when the cAMP cocktail was added,
respectively. The cell-permeable glycinyl hydrazone compound
(GlyH-101; Calbiochem) was used as a selective inhibitor of CFTR
at 20 mM.
Chemicals and Antibodies
Cycloheximide was purchased from Boehringer (Mannheim,
Germany). DiSBAC2(3) was purchased from Invitrogen. Mono-
clonal antibodies against VSV-G (clone P5D4), human CD46
(clone 122-2) and human CAR (clone 3C100) were purchased
from Santa Cruz Biotechnology. Polyclonal antiserum against
human, mouse, rat, bovine, equine, canine and porcine TSG101
(ref. M-19, from goat), and against human, mouse, rat, canine and
porcine CD63 (ref. H-193, from rabbit) were also purchased from
Santa Cruz Biotechnology. Alexa FluorH 568-conjugated goat
anti-mouse IgG antibody were purchased from Invitrogen. The
10-nm colloidal gold-tagged goat anti-mouse IgG antibody was
purchased from British Biocell International Ltd (Cardiff, UK).
The anti-human CFTR antibody (LS-C14758-LSBio; LifeSpan-
Biosciences, UK) was a mouse monoclonal IgM directed against
an epitope located within the first extracellular loop, spanning
amino acid residues 103–117. Alexa FluorH 568-conjugated goat
anti-mouse IgM was purchased from Invitrogen.
Viral Vectors
(i) Adenoviral vectors. HAdV5-GFP and HAdV5F35-GFP
vectors have been described in previous studies [36,55,64]. The
capsid of HAdV5F35-GFP consisted of hexon and penton base
capsomers of HAdV5, and of chimeric fibers made up of the shaft
and knob domains of serotype 35 fiber (F35) fused to HAdV5 fiber
tail. Chimeric vector HAdV5F35-GFP-CFTR has been previously
described [66]. HAdV5F35-GFP-CFTR encoded the wild-type
(wt) allele of the CFTR gene fused to the 39 end of the GFP gene.
Vector stocks were produced and titrated on HEK-293 cell
monolayers [82].
(ii) Baculoviral vector AcMNPV-VSV-G. The coding se-
quence for the glycoprotein G of vesicular stomatitis virus (VSV-
G) was inserted into the genome of Autographa californica Multi-
Capsid NucleoPolyhedrosis Virus (AcMNPV) in the polyhedrosis
gene locus, under the control of the CMV immediate-early
promoter. The infectious titer was determined by the plaque assay
method in Sf9 cells, and expressed as plaque-forming units per mL
(pfu/mL). The titer in physical virus particles of AcMPV-VSV-G
vector was determined by adsorbance measurement at 260 nm
(A260) on 1-mL samples of SDS-denatured virions (0.1% SDS for
1 min at 56uC) in 1-cm pathlength cuvette, using the following
formula : A260 of 1.0 = 0.361012 vp/mL, considering the length of
134 kbp for the viral genomic DNA. Infectious titers of stocks of
AcMPV-VSV-G concentrated by ultracentrifugation were usually
56109 to 161010 pfu/mL, and the corresponding physical particle
titers ranged between 161012 and 561012 vp/mL [36].
Electron Microscopy
(i) Negative staining of MPs. Samples were applied to
carbon-coated grid and negatively stained with 1% uranyl acetate,
pH 7.5. They were examined under a Jeol JEM-1400 electron
microscope (EM), equiped with an ORIUSTM digital camera
(Gatan France, 78113-Grandchamp).
(ii) Immunogold staining of MPs. Samples of MP suspen-
sion (10 ml) were deposited on top of carbon-coated grids. 30 sec
later, the excess of liquid was removed by blotting with filter paper.
10 ml of a 50-fold diluted solution of primary antibody (anti-CAR
or anti-CD46) was placed on the grid and incubated for 2 min at
room temperature. The antibody solution was then removed by
filter paper adsorption, and replaced by 10 ml Tris-buffered saline
(TBS). After three steps of rinsing with TBS, grids were post-
incubated with 10-nm colloidal gold-conjugated goat anti-mouse
IgG antibody (British BioCell International, Cardiff, UK; diluted
to 1:50 in TBS) for 2 min at room temperature. The secondary
antibody solution was then removed by filter paper adsorption,
and replaced by 10 ml of stain (2% uranyl acetate, pH 7.4). After a
further 1 min, the grid was dried on filter paper, and examined
under the EM as above.
(iii) EM analysis of MP-adenovirus complexes and cell
sections. Samples of MPs incubated with adenoviral vectors,
with or without postincubation with target CHO cells, were fixed
with 2% glutaraldehyde in 0.1 M sodium cacodylate buffer
(pH 7.4), pelleted, and post-fixed with osmium tetroxide (1% in
0.1 M cacodylate buffer, pH 7.4). The specimens were dehydrated
and embedded in Epon resin and sectioned. Sections were stained
with 7% uranyl acetate in methanol, post-stained with 2.6%
alkaline lead citrate in H2O, and examined under the EM as
above.
Statistics
Results were expressed as mean 6 SEM of n observations. Sets
of data were compared with an analysis of variance (ANOVA) or a
Student’s t test. Differences were considered statistically significant
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when P,0.05. Symbols used in figures were (*) for P,0.05, (**) for
P,0.01, (***) for P,0.001, and ns for no significant difference,
respectively. All statistical tests were performed using GraphPad
Prism version 4.0 for Windows (Graphpad Software).
Supporting Information
Figure S1 Schematic procedure for MP isolation and
fractionation.
(TIFF)
Figure S2 Influence of VSV-G-pseudotyping on the
efficiency on the efficiency of MP-mediated transfer of
CAR and CD46. (a), The effect of the fusiogenic VSV-G
glycoprotein on the efficiency of CAR transfer was evaluated by
the degree of CHO permissiveness to the HAdV5-GFP vector.
Aliquots of CHO cells were incubated with MP30CAR at different
MP doses per cell, as indicated in the x-axis. At 72 h after
MP30CAR interaction, cells were infected with HAdV5-GFP
vector. Adenoviral vector HAdV5F35-GFP, which does not
recognize CAR as cellular receptor, was used as the negative
control. (b), The effect of VSV-G on the efficiency of CD46
transfer was evaluated by the degree of CHO permissiveness to the
HAdV5F35-GFP vector. Aliquots of CHO cells were incubated
with MP30CD46 at different MP doses per cell, as indicated in the
x-axis. At 72 h after MP30CD46 interaction, cells were infected
with HAdV5F35-GFP vector. Adenoviral vector HAdV5-GFP,
which does not recognize CD46 as cellular receptor, was used as
the negative control. In (a) and (b), MP30 lacking CAR or CD46
and carrying VSV-G alone were used as negative controls for
CAR and CD46 receptor activity, respectively.
(EPS)
Figure S3 Cellular localization of GFP-tagged CFTR
glycoprotein in MP-donor and MP-recipient CHO cells.
(A), MP-donor cells. CHO cells expressing the GFP-CFTR
fusion glycoprotein from the pCEP4-GFP-CFTR episomal plas-
mid were examined in confocal fluorescence microscopy. (B),
MP-recipient CHO cells. CHO cells harvested at day-5 after
interaction with MP30-GFP-CFTR were examined as above. (a),
Cell observed in the GFP channel. (b), Merging of image (a) and
DAPI staining. Scale bar, 10 mm.
(TIFF)
Figure S4 DNA analysis of MP-GFP-CFTR-recipient
cells. CHO cells were harvested at day-5 after interaction with
the following MP subclasses: MP30-LD (lane 1), MP30-ID (lane 2),
MP30-HD (lane 3), MP100-LD (lane 4), MP100-ID (lane 25),
MP100-HD (lane 6). DNA was extracted and analysed by PCR for
the possible occurrence of pCEP4-GFP-CFTR, visualized by a
specific 196-nt fragment. DNA from CHO-CD46 infected with
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Transfer of the Cystic Fibrosis Transmembrane Conductance
Regulator to Human Cystic Fibrosis Cells Mediated
by Extracellular Vesicles
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Cystic fibrosis (CF) is a genetic disease caused bymutations in the CF transmembrane conductance regulator
(CFTR) gene, resulting in a deficiency in chloride channel activity. In this study, extracellular vesicles (EVs),
microvesicles, and exosomes were used as vehicles to deliver exogenous CFTR glycoprotein and its encoding
mRNA (mRNAGFP-CFTR) to CF cells to correct the CFTR chloride channel function. We isolated microvesicles
and exosomes from the culture medium of CFTR-positive Calu-3 cells, or from A549 cells transduced with an
adenoviral vector overexpressing aGFP-taggedCFTR (GFP-CFTR).Bothmicrovesicles and exosomeshad the
capacity to package and deliver the GFP-CFTR glycoprotein and mRNAGFP-CFTR to target cells in a dose-
dependentmanner.Homologous versusheterologousEV-to-cell transferwas studied, and it appeared that the
cellular uptake of EVswas significantlymore efficient in homologous transfer. The incubation of CF15 cells, a
nasal epithelial cell line homozygous for the DF508 CFTR mutation, with microvesicles or exosomes loaded
with GFP-CFTR resulted in the correction of the CFTR function in CF cells in a dose-dependent manner. A
time-course analysis of EV-transduced CF cells suggested that CFTR transferred asmature glycoprotein was
responsible for theCFTR-associated channel activity detected at early times posttransduction, whereasGFP-
CFTR translated from exogenous mRNAGFP-CFTR was responsible for the CFTR function at later times. Col-
lectively, this study showed the potential application of microvesicles and exosomes as vectors for CFTR
transfer and functional correction of the genetic defect in human CF cells.
INTRODUCTION
MOST EUKARYOTIC CELLS naturally release into the
extracellular environment a heterogeneous popu-
lation of membrane-enveloped microparticles, re-
ferred to as extracellular vesicles (EVs).1 These
EVs are classified as microvesicles (MVs) and
exosomes (EXos), based on their size, ultrastruc-
tural and biochemical properties, and their mode
of release. MVs are relatively large (100–1000nm),
nonhomogeneous vesicles, generated by the out-
ward budding and shedding from the cell plasma
membrane.2,3 They are sometimes referred to as
ectosomes or shedding MVs.4,5 EXos represent a
more homogenous population of smallermembrane-
coated particles (30–100nm in diameter), gener-
ated by the inward budding of endosomal mem-
branes within large multivesicular bodies (MVBs).
The fusion of the MVBs with the cell plasma
membrane results in the release of the EXos into
the extracellular milieu.2–7
EVs participate in normal biological processes
such as tissue repair,8,9 immune surveillance,10
blood coagulation,11 and stem cell maintenance,12
by delivering effectors such as transcription fac-
tors, small and large noncoding regulatory RNAs,
as well as mRNAs. They act as mediators of inter-
cellular communications via the transfer of pro-
teins, lipids, and nucleic acids.3,6,10 They are also
associated to several diseases such as tumorigen-
esis,13,14Alzheimer’s andParkinson’s diseases,15,16
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the spread of the prion protein PrPc,17,18 the dis-
semination of HIV-1,19 or the reactivation of latent
HIV-1.20 The EVs have a natural ability to transfer
membrane, cytoplasmic, and genetic material to
neighboring and distant cells, and thus have been
exploited as vehicles for the delivery of therapeutic
molecules such as bioactive proteins, lipids, and
nucleic acids.8 Several protocols of EV-based vac-
cination and antitumor therapy are already at the
preclinical or clinical stage.21
Cystic fibrosis (CF) is an autosomal recessive ge-
neticdiseasecausedbymutations inasinglegene, the
CF transmembrane conductance regulator (CFTR)
gene. TheCFTR is a type IIImembrane glycoprotein,
with large intracytoplasmic N- and C-terminal do-
mains and 12 membrane-spanning domains consti-
tuting a transmembrane, cAMP-dependent chloride
channel.22,23 It is present at the apical surface of ep-
ithelial cells, and localized in the lipid raft micro-
domains of the plasmamembrane.24–26 In a previous
study, we showed that MVs and EXos were able to
achieve the transfer of the human CFTR mature
glycoprotein and CFTR-encoding mRNA molecules
(mRNACFTR) in a Chinese hamster ovarian (CHO)
cell model, resulting in the gain in CFTR chloride
channel function by MV- and EXo-recipient cells.27
In the present study, we investigated the feasi-
bility of MV- and EXo-mediated delivery of the
exogenous CFTR glycoprotein and CFTR-encoding
mRNA molecules to CFTR-deficient cells derived
from CF patients (CF cells) to restore the CFTR
chloride channel function. We used a GFP-CFTR
fusion construct, which has been shown to be bio-
logically active and capable of correcting the
transepithelial chloride transport,28,29 to track the
exogenous CFTR protein in EV-recipient cells. We
found that both MVs and EXos were capable of
packaging GFP-tagged CFTR and mRNAGFP-CFTR,
and transferred both types of molecules to target
CF cells, resulting in the correction of the CFTR
defect in CF cells. The CFTR chloride channel ac-
tivity newly acquired by EV-transduced CF cells
was measurable until day 3 after the EV-mediated
transfer, and still detectable at day 5. Experi-
mental results suggested that the maintenance of
this function was performed by newly synthesized
CFTR molecules translated from exogenous
mRNAGFP-CFTR. This is, to our knowledge, the first
demonstration that EVs can be exploited as ther-
apeutic vectors for a genetic disease.
MATERIALS AND METHODS
Cells
A549 and HEK-293 cells were obtained from the
American Type Culture Collection (ATCC; Mana-
ssas, VA). HEK-293 (ATCC CRL-1573) and A549
cells (ATCC CCL-185), adenocarcinomic human
alveolar basal epithelial cells, were maintained as
monolayers in Dulbecco’s modified Eagle’s medium
(DMEM; Life Technologies) supplemented with
10% fetal bovine serum (FBS; Life Technologies),
penicillin (200U/ml), and streptomycin (200 lg/ml)
at 37"C and 5% CO2. Calu-3 cells, derived from
human bronchial submucosal glands, were ob-
tained from the laboratory ofM.J.Welsh.30,31Calu-
3 cell monolayers were grown at 37"C and 5% CO2
in a combinedmediummade up of 3⁄4 DMEMand
1⁄4
Ham’s F12 (Life Technologies), supplemented with
FBS, penicillin, and streptomycin at the same do-
ses as above. CF15 cells, human nasal epithelial
cells homozygous for the DeltaF508 CFTR muta-
tion,30,32 were obtained from the laboratory of M.
Chanson.32,33 CF15 were grown as monolayers in
collagen I-coated flasks (BioCoat; BD Biosciences)
at 37"C and 5%CO2 in CNT-17medium (CellNTec),
supplemented with penicillin and streptomycin.
Adenoviral vectors
Human adenovirus type 5 (HAdV5)-derived
vectors HAdV5-GFP and HAdV5-GFP-CFTR have
been described and characterized previously.28,29
HAdV5-GFP-CFTR encoded the wild-type allele
of the CFTR gene, fused to the 3¢ end of the GFP
gene. Vector stocks were produced and titrated
on HEK-293 cell monolayers, as described previ-
ously.28,29,34,35
Isolation of microvesicles and exosomes
from extracellular vesicles
EVs were recovered from the culture medium of
Calu-3, A549, and A549 transduced by HAdV5-
GFP or HAdV5-GFP-CFTR, using a previously
published protocol.27 In brief, cells grown to 80–
90% confluency in T150 flasks (5 · 107 cells/flask)
were rinsed 3 times with phosphate buffered saline
(PBS), and fresh culture medium, preclarified by
ultracentrifugation at 100,000 · g for 16hr at 4"C,
was added to the cells. The EVs in the culture
medium were then recovered at 24, 48, and 72hr,
by two successive steps of ultracentrifugation. The
culture medium was first centrifuged for 5min at
13,000· g and 4"C to remove the cell debris, before
the first ultracentrifugation step at 30,000· g and
4"C for 2hr, to obtain the first pellet originally
called MP30 (now identified as MVs). The super-
natant was then subjected to a second round of
ultracentrifugation at 100,000· g and 4"C for 2hr,
which gave the second pellet called MP100 (now
identified as EXos). The MV and EXo pellets were
resuspended in 200ll PBS with gentle mixing, and
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stored at 4"C. They were usedwithin 10 days in our
experiments of EV-mediated cell transfer assays.
Protein assay
Aliquots of each EV sample were kept for protein
estimation using the Bradford Reagent (Sigma-
Aldrich Corp.). Triplicates of MV and EXo prepa-
rations, usually diluted 1:10 to 1:20 in PBS, were
lysed with 0.01% SDS at room temperature for
30min, and then reacted with the Bradford re-
agent, according to manufacturer’s recommen-
dations. Values were extrapolated from a standard
curve of serially diluted bovine serum albumin
(BSA) samples.
Titration of microvesicles and exosomes
by nanoparticle tracking analysis
The concentrations of MV and EXo preparations
were subjected to NTA, using the NanoSight LM10
system (Malvern Instruments Ltd.), equipped with
a 405nm laser and a high-sensitivity digital cam-
era (Scientific CMOS trigger camera). Videos were
collected and analyzed using the NTA software
(version 2.3), with the minimal expected particle
size, minimum track length, and blur setting, all
set to automatic. Camera sensitivity and detec-
tion threshold were set to maximum (16) to detect
small particles. Ambient temperature was re-
corded manually, ranging from 22"C to 27"C. Each
sample was diluted in sterile PBS (Life Technolo-
gies) to obtain concentration range between 108
and 109 EVs/ml, and the number of completed
tracks per sample was between 500 and 1500. The
screen gain was 6 for EXos and 12 for MVs, with a
capture time of 60 sec.
Gel electrophoresis and Western blot analysis
Polyacrylamide gel electrophoresis of SDS-
denatured protein samples (SDS-PAGE), and im-
munoblot analysis have been described in previous
studies.36–39 Briefly, samples were denatured in
SDS/beta-mercaptoethanol-containing loading buf-
fer at 100"C for 2min, and proteins electrophoresed
in SDS-denaturing 10% polyacrylamide gel and
electrically transferred to nitrocellulosemembrane
(Hybond-C-extra; GE Healthcare Life Sciences).
Blots were blocked in 5% skimmed milk in Tris-
buffered saline (TBS) containing 0.05% Tween-20
(TBS-T), rinsed in TBS-T, and then successively
incubated with primary antibody and peroxidase-
labeled secondary antibodies. Blots were reacted
with SuperSignal West Pico chemiluminescence
substrate (Thermo Fisher Scientific Inc.), and ex-
posed to autoradiographic film (Hyperfilm MP; GE
Heathcare Bio-Sciences). The apparent molecular
weights of proteins were estimated by comparison
with prestained protein markers (Precison Plus
Protein Standards, Dual Color; Bio-Rad Labora-
tories, Inc.).
Antibodies and reagents
Mouse monoclonal antibody against the human
CFTR C-terminus (mouse IgG2A; Clone 24-1;
MAB25031) was from R&D Systems. Goat poly-
clonal anti-CD63 antibody was purchased from
Santa Cruz Biotechnology (Catalog No. SC-15363).
Mouse monoclonal anti-GFP antibody (mixture of
clones 7.1 and 13.1) was from Roche Applied Sci-
ence. Peroxidase-coupled monoclonal anti-b-actin
antibody was purchased from Sigma-Aldrich (Cat-
alog No. A3854). Peroxidase-labeled rabbit antigoat
IgG antibody (Catalog No. A5420) and sheep anti-
mouse IgG antibody (Catalog No. A5906) were also
purchased from Sigma-Aldrich.
Metabolic inhibitors of endocytic pathways in-
cluded two inhibitors of the clathrin-dependent
endocytosis, chlorpromazine and the lysosomotro-
pic agent chloroquine; NH4Cl, an inhibitor of the
acidification of the endosomes; Bafilomycin A1,
a proton-pump inhibitor that blocks the vacuolar
ATPase and the endosome/lysosome fusion; the
isoflavone drug genistein and the polyene macro-
lide antibiotic filipin III, two inhibitors of the
clathrin-independent, caveolin-mediated endocy-
tosis; cytochalasin B (CytB), nocodazole (NDZ), and
latrunculin A (LatA), which all disorganize the
cell cytoskeleton, and have individual preferential
negative impacts on endocytosis (CytB), intracyto-
plasmic trafficking (NDZ), and macropinocytosis
(LatA); and the proteasome inhibitor MG132. All
drugs were purchased from Sigma-Aldrich and
prepared according to the manufacturer’s instruc-
tions. They were used under sterile conditions, and
at concentrations that did not decrease the cell vi-
ability to levels lower than 75%, as determined by
the MTT assay (not shown). For testing the inhib-
itor effects, cell monolayers, taken at 80% conflu-
ence, were pretreated with each drug for 1 hr at
37"C before MVsGFP or EXosGFP addition. After a
6hr incubation at 37"C with EVs (2 ·104 EVs/cell)
in the presence of the drug, the cells were collected,
fixed, and analyzed by flow cytometry.
EV-mediated transfer of GFP
and GFP-CFTR into target cells
In a typical experiment, samples of GFP-loaded
EVs (MVsGFP and EXosGFP) and GFP-CFTR-loaded
EVs (MVsGFP-CFTR and EXosGFP-CFTR) in PBSwere
mixed with an equal volume of prewarmed serum-
free medium, and 50–100ll aliquots added to A549
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or CF15 cell monolayers (2 · 105 cells/well). The
total input (50–100ll) contained 5–50lg protein
and 2· 109 to 10 ·109 EVs, with transducing doses
ranging from 5· 103 to 5· 104 EVs/cell. The cells
were further incubated at 37"C, and theGFP signal
was monitored in live cells using a Zeiss Axiovert-
135 inverted microscope equipped with an Ax-
ioCam digital camera. Cells were harvested at
different time periods, and GFP-positive or GFP-
CFTR-positive cells were quantitated using flow
cytometry. CFTR-associated chloride channel ac-
tivity was measured using an iodide-selective mi-
croelectrode, as described below.
DNA and RNA isolation, and PCR analyses
DNA from cells and EVs was extracted using the
QIAamp DNA Mini Kit (Qiagen). Total RNA was
extracted from cells using the Nucleospin RNA II
kit (Macherey Nagel), and from EVs using the
QIAamp viral RNA Mini kit (Qiagen). Aliquots
(100ng) of RNAwere reverse transcribed using the
Iscript DNA synthesis kit (BioRad). Real-time PCR
(RT-PCR) was performed using the KAPA Sybr
Fast qPCR kit (KAPA Biosystems) and the Ste-
pOnePlus apparatus (Thermofisher). Quantitative
RT-PCR (qRT-PCR) analysis of RNA was per-
formed using the protocol described in ref.40 and
the ribosomal protein RPL27 RNA transcript as
internal standard, amplified with the following
primers: sense 5¢-ATCGCCAAGAGATCAAAGA
TAA-3¢; antisense 5¢- TCTGAAGACATCCTTAT
TGACG-3¢. For the CFTR gene, a PCR-amplified
fragment of 415 nucleotides (nt) in length, over-
lapping exons 3 and 5 of the CFTR gene, was
obtained with the following primers41: sense 5¢-
AGAATGGGATAGAGAGCTGGCTTC-3¢ (exon 3);
antisense 5¢-TTCATCAAATTTGTTCAGGTTGT
TG 3¢ (exon 5). In the case of theGFP-CFTR fusion,
a fragment of 196nt in length, overlapping the
GFP and CFTR junction sequence,28,29 was ob-
tained using a forward primer designed from the 3¢
end of the GFP gene (nucleotide position 621; 5¢-
AACGAGAAGCGCGATCACATG), and an anti-
sense primer designed from the 5¢ end of the CFTR
gene (nucleotide position 78 in the CFTR gene; 5¢-
GCGCTGTCTGTATCCTTTCCTCAA). For theGFP
gene, a fragment of 99nt within the GFP gene was
obtained using the following primers: sense 5¢-
ATGGTGAGCAAGGGCGAGGA-3¢; antisense 5¢-
CTCGCCGGACACGCTGAACT-3¢. For theHAdV5
hexon gene, a fragment of 465nt was obtained us-
ing the following primers: forward 5¢- GCTGTATT
TGCCCGAC-3¢; reverse 5¢-CATGGCCTCAAGCG
TG-3¢, corresponding to the genome nt 20,276–
20,291 and 20,726–20,741, respectively.
Iodide efflux assay
The iodide efflux assay, which reflected the ac-
tivity of the CFTR channel, wasmeasured using an
iodide-selective microelectrode.42 The experimen-
tal setup included the MicroIodide Ion Electrode
(LIS-146ICM; Lazar Research Laboratories), con-
nected to an ORP-meter (ORP Model 62; Jenco
Instruments Inc.), and the protocol described by
Aleksandrov et al.43 Replicates of cell monolayers
were loaded with sodium iodide by incubation for
30min at 37"C in prewarmed iodide-loading buffer
(ILB:136mM NaI, 3mM KNO3, 2mM Ca[NO3]2,
11mM glucose, 20mM HEPES, pH 7.4 with
NaOH). Cells were then washed 10 times with ef-
flux buffer (EB; 136mMNaNO, 3mMKNO3, 2mM
Ca[NO3]2, 11mM glucose, 20mM HEPES, pH 7.4
with NaOH) to completely remove extracellular
iodide. The CFTR stimulation mixture (10 lM
forskolin, 100lM dibutyryl-cAMP, 1mM 3-isobutyl-
1-methylxanthine [IBMX] as enhancer of intracel-
lular cAMP) was added at time 0, to activate efflux
through CFTR channels. The values of the voltage
generated by iodide in solution were extrapolated
from the standard curve generated by measuring
the voltages of standard NaI solutions. Iodide efflux
values, expressed in nmol/min, represented the
mean–SEM of the amount of iodide released from
the cells during each 1min interval (n=3). At the
end of each assay, efflux buffer containing 0.1%
NP-40 was added to release the whole bulk of in-
tracellular iodide.
Flow cytometry
Cells were seeded in completemedia in 24- or 48-
well plates to obtain a confluency of 70–80% the
following day. The cells were then incubated with
MVs or EXos at 37"C and further incubated for
different lengths of time. At the end of the incu-
bation periods, the cells were rinsed with PBS, and
detached with PBS containing 0.05% trypsin and
1mM Na2EDTA. After centrifugation, the cells
were fixed in PBS containing 1% paraformalde-
hyde, and analyzed in an LSRII flow cytometer
(Becton Dickinson Biosciences).
Cell imaging
Fluorescence microscopy. Cell monolayers were
fixed with 1% paraformaldehyde in PBS, and per-
meabilized with 0.1% (v/v) Triton X-100 in PBS.
Cells were then blocked in 1% BSA in PBS for 1hr
at room temperature and incubated with primary
monoclonal antibodies against Rab5 (clone C8B1;
Cell Signalling), Rab4a (D-20; Santa CruzBiotech),
Rab11 (cloneH-87; SantaCruzBiotech), andLamp1
(or CD107a; BD Biosciences), following dilutions
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recommended by the manufacturer. Samples were
then rinsed in PBS and incubated with Alexa Fluor
568-conjugated goat antimouse IgG antibody, di-
luted 1:1000 (Molecular Probes, Invitrogen) for
1 hr at room temperature, rinsed, and treated with
DAPI before being mounted on slides. Observa-
tions were performed using an Axioimager Z1 epi-
fluorescence microscope (Carl Zeiss France) and a
confocal microscope (LSM710; Carl Zeiss). Images
were analyzed using the Zen software (Carl Zeiss).
Electron microscopy. For negative staining of
MVs and EXos, samples were adsorbed on gold
grids, and negatively stained with 2% uranyl ace-
tate before EM observation.44 For ultrathin sec-
tions, cell samples incubated with MVs or EXos
were fixed with 2% glutaraldehyde in 0.1M sodium
cacodylate buffer pH 7.4, pelleted, and postfixed
with osmium tetroxide (1% in 0.1 M cacodylate
buffer, pH 7.4). The specimens were dehydrated
and embedded in Epon resin, sectioned, and pro-
cessed as previously described.27,38 Ultrathin
sections were examined under a JEM-1400 Jeol
electron microscope equipped with an Orius-Gatan
digital camera (Gatan France, 78113 Grandchamp).
Statistics
Results were expressed as mean–SEM of n ob-
servations. Comparison between two samples was
performed using the Student’s t test (Excel); mul-
tiple samples were compared using the one-way
ANOVA test. Differences were considered statisti-
cally significant when p< 0.05.
RESULTS
Isolation, characterization, and nomenclature
of EVs recovered from human cells
Human epithelial cell lines Calu-3 (human bron-
chial submucosal glandular cells) and A549 (human
adenocarcinoma alveolar basal epithelial cells)
were tested as EV-producing cells. Calu-3 cells are
considered as a pertinent in vitro model of respi-
ratory functions and chloride channel activity.45
On the other hand, A549 cells are permissive to
human adenovirus serotype 5 (HAdV5), and to the
adenoviral vectors HAdV5-GFP or HAdV5-GFP-
CFTR, which express the green fluorescent protein
(GFP) or GFP-CFTR, a GFP-fused version of the
human CFTR glycoprotein.28,29 EVs that are nat-
urally released in the culture supernatant of A549
and Calu-3 cells were separated into two popula-
tions, using a two-step ultracentrifugation proce-
dure. The first fraction, MP30, was recovered in the
pellet after centrifugation at 30,000· g, and the
second fraction, MP100, was pelleted after a second
round of centrifugation at 100,000· g. The two EV
populations could be distinguished by their mor-
phology under the EM, their size, and protein
surface markers.
As exemplified by EV samples from A549 cells,
MP30 consisted of large particles characterized
by their size heterogeneity, ranging from 200 to
1200nm in diameter (Fig. 1a, left panel). The
MP100 population, however, showed more homog-
enous regular particles, rather spherical and rel-
atively small in size, ranging from 15 to 60 nm
(Fig. 1a, right panel). Size measurements were
performed using dynamic light scattering (DLS),
and representative DLS patterns obtained with
EVs from Calu-3 cells are shown in Fig. 1b. A
similar range of values as those estimated by EM
was found for both types of EVs: 100–1000nm for
the diameter of MP30 (320– 280nm; mean –SEM;
n = 2,272 k counts/s), and 20–200nm (65– 24nm;
n = 1,770 k counts/s) for MP100 (Fig. 1b, compare
the left and right panels).
MP30 and MP100 issued from Calu-3 cells were
also analyzed with respect to their CD63 content, a
specific marker of the exosomal compartment.46
Only the MP100 fraction, and not MP30, was found
to contain CD63 (Fig. 1c, left panel), indicating that
MP100 fraction was essentially composed of exo-
somes, whereas the MP30 fraction contained a
majority ofMVs. Thus, for the rest of this study, the
terminology of microvesicles (abbreviated MVs)
and exosomes (abbreviated EXos) was used instead
of MP30 and MP100, respectively. The term ‘‘extra-
cellular vesicles’’ (EVs) included bothMVs and EXo
populations.
Production and recovery of extracellular EVs
Culture supernatants of Calu-3 or A549 cells
were collected three times over a period of 72hr,
successively at 24, 48, and 72hr. After pooling the
three samples, the recovery of MVs and EXos was
assayed by nanoparticle tracking analysis (NTA).
From 2.5·108 EV-producing cells, we obtained
4.92 –0.96 · 1010 MVs and 10.8 –2.1· 1010 EXos
with A549, and 4.46 – 0.59· 1010 MVs (mean –
SEM; n = 6) and 8.20 –1.35 · 1010 EXos with Calu-3
cells. The yields did not significantly differ for the
two types of EV-donor cells, which corresponded to
about 200 MVs per cell and 300–400 EXos per cell,
over a 72hr period culture. After resuspension in
200ll PBS, the EV titer was*2.5·108/ll for MVs,
and 5 ·108/ll for EXos. The protein concentrations
ranged between 0.25 and 0.5lg/ll, that is, a ratio of
2 ·108 MVs or EXos per lg protein. This ratio was
consistent with the values reported in the litera-
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ture for exosomes preparations obtained by ultra-
centrifugation and titrated by NTA (6 ·108 EXos/
lg; see ref.47).
EV-mediated delivery of chloride
channel activity to human CF cells
In an earlier study, we generated a CHO cell line
that stably expressed the GFP-CFTR protein and
released MVs and EXos containing the GFP-CFTR
glycoprotein and GFP-CFTR-encoding mRNA
(mRNAGFP-CFTR). We showed that both types of
molecules were transferable to target CHO cells.27
Because Calu-3 cells are known to naturally ex-
press CFTR at relatively high levels,45we assumed
that MVs and EXos isolated from Calu-3 would
contain high amounts of CFTR and mRNACFTR.
Figure 1. Morphological, biophysical, and biochemical characterization of extracellular vesicles (EVs) isolated from human cells. (a) Electron microscopy (EM).
MP30 pellet (microvesicles [MVs], left panel ) and MP100 pellet (exosomes [EXos], right panel) were isolated from A549 cell culture medium by differential
ultracentrifugation at 30,000 · g and 100,000 · g, respectively, and negatively stained for observation under the EM. (b)Diffusion light scattering (DLS). Populations
ofMP30 (MVs, left panel ) andMP100 (EXos, right panel) isolated from Calu-3 cell culture mediumwere analyzed by DLS. (c) Protein content. MP30 andMP100 pellets
isolated from Calu-3 cells were analyzed by SDS-PAGE and Western blotting, using anti-CD63 antibody (left panel), or anti-CFTR antibody (right panel); b-actin
(42 kDa) was used as internal control of protein loads. Lane mm, protein markers, with their molecular masses indicated in kDa. CFTR, CF transmembrane
conductance regulator. Color images available online at www.liebertpub.com/hum
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This was confirmed by SDS-PAGE and Western
blot analysis, which showed that CFTR glycopro-
tein was detectable in both MVs and EXos, but
in higher amounts in MVs compared with EXos
(Fig. 1c, right panel). RT-PCR performed on MV
and EXo samples normalized to the same EV titer
showed that both types ofEVs containedmRNACFTR,
but MVs had an apparent higher mRNACFTR con-
tent, compared with EXos (Fig. 2a).
We next determined whether MVs and/or EXos
isolated from the Calu-3 cell culture medium (re-
ferred to as [Calu-3]MVs and [Calu-3]EXos) were
capable of conferring the CFTR-associated chloride
channel function to CF15 cells, a human nasal ep-
ithelial cells homozygous for the DF508 CF muta-
tion.30,32,33 CF15 cells were incubated for 6hr at
37"C with [Calu-3]MVs or [Calu-3]EXos at the
transducing dose of 200 EVs/cell. Fresh culture
medium was then added, and cells were further
incubated for 72hr at 37"C. At the end of this pe-
riod, the medium was removed, and the cells were
tested for the cAMP-dependent CFTR chloride
channel activity, measured by the iodide efflux
assay using an iodide-selective microelectrode.42,43
Curves representative of the cyclic cAMP-stimulated
iodide efflux response in EV-transduced CF15 cells
were compared with the curves of untreated CF15
cells (negative control), and of Calu-3 cells (positive
control). A peak of CFTR channel activity was de-
tected in EV-treated CF15 cells, suggesting the
restoration of the CFTR function in these target
cells (Fig. 2b). The CFTR chloride channel activity
measured in EXo-treated CF15 cells was slightly
lower, compared with that of MV-treated CF15
cells (Fig. 2b, c). Interestingly, the peak of channel
activity was obtained at 4min in EV-treated CF15
cells, a slight delay compared with the peak of
Calu-3 that occurred at 2–3min (Fig. 2b, c). Even
though the levels of CFTR channel activity ob-
served in EV-treated CF15 cells were 10- to 20-fold
lower than that of the Calu-3 cells, this positive
result incited us to pursue our studies, in an at-
tempt to improve the efficiency of the CFTR
transfer in human cells. The factors that could in-
fluence the transfer of the CFTR function included
the nature of the EV-donor and EV-recipient cells,
the EV cargo and the EV doses, and the experi-
mental conditions of EV-cell interaction. These
different parameters were investigated in the fol-
lowing experiments.
Characterization of EV-donor cells
Fluorescent EVs loaded with GFP or GFP-
tagged CFTR were used to help us track and
quantitate the uptake of EVs by target cells.27 We
Figure 2. CharacterizationofCalu-3asEV-donorcells. (a)RNAcftrcontent of EVs.
MP30 (MVs) and MP100 (EXos) isolated from Calu-3 cell culture medium were
analyzed by RT-PCR, using CFTR-specific primers. Control MP100 and control MP30
corresponded to the fractions recovered by ultracentrifugation at 100,000·g and
30,000·g, respectively, from medium that had not been in contact with any cells.
Control MP100 and MP30 were subjected to the same RT-PCR as MP100 and MP30
isolated from Calu-3 cell culture media. The 415-nucleotide (nt) fragment amplified
from the CFTR mRNA is indicated by arrows. (b) CFTR chloride channel activity in
Calu-3 (EV-donor cells) and CF15 cells (EV-recipient cells). Aliquots of CF15 cells
(1.5·106) were incubatedwithMVs or EXos isolated from the 72hr culturemedium
ofCalu-3 (1.5·107cells), at 200EVspercell, for6hrat 37"C.ControlCalu-3 (EV-donor
cells), untreated CF15, and MV- or EXo-treated CF15 cells were first loaded with
iodide, and cAMP-containing stimulation cocktail was then added at time 0 (arrow)
to activate the anion efflux through CFTR channels. The amount of iodide released
from the cells wasmeasured at 1min intervals, using an iodide-selective electrode
(mean–SEM; n=3). Shownare representative curves of the iodide efflux. (c)CFTR
activity ratios. The CFTR Cl- channel activity in Calu-3 and CF15 cells was deduced
from experimental curves, as exemplified in (b). The values of CFTR Cl- channel
activity determined in untreated CF15, and in MV- or EXo-transduced CF15 cells
were expressed as the percentage of the mean value obtained with Calu-3 cells,
attributed the 100% value. *p£0.05; **p£0.005. Note the log scale of the y axis.
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assumed that EVs isolated from A549 cells trans-
duced by HAdV5 vectors overexpressing either
the GFP or GFP-CFTR protein would incorporate
relatively higher amounts of GFP or GFP-CFTR
glycoproteins and their corresponding mRNAs,
compared with EVs from Calu-3 cells. SDS-PAGE
and Western blot analysis, using anti-CFTR and
anti-GFP antibodies, were performed on A549 cell
lysates and compared with Calu-3 cell lysates.
As expected, the CFTR glycoprotein content of
HAdV5-GFP-CFTR-transduced A549 cells could be
estimated to be 10–30 times higher than the en-
dogenous CFTR content of Calu-3 cells, after nor-
malization to equivalent protein loads (Fig. 3a).
RT-PCR amplified a 415nt fragment from the
endogenous mRNACFTR present in Calu-3 cells,
and the same fragment was amplified from the
mRNAGFP-CFTR transcript coding for the GFP-
CFTR fusion protein in HAdV5-GFP-CFTR-
transduced A549 cells. No endogenous mRNACFTR
was detectable in control, nontransduced A549
cells, or in CF15 cells (Fig. 3b, left panel). A 99nt
fragment, amplified from the GFP gene, and a
196nt fragment, specific of the GFP-CFTR junc-
tion, were found only in the RT-PCR samples of
HAdV5-GFP-CFTR-transduced A549 cells, and not
in the other samples (Fig. 3b, right panel). We
therefore used HAdV5-GFP-CFTR-transduced
A549 cells as EV-donor cells, and both A549 and
CF15 as target cells for homologous and heter-
ologous EV cell transfer, respectively.
Characterization of EVsGFP and EVsGFP-CFTR
from A549 cells
MVs and EXos prepared from control, non-
transduced A549 cells and from HAdV5-GFP- or
HAdV5-GFP-CFTR-transduced A549 cells were
analyzed for their GFP fluorescent signal by flow
cytometry (Fig. 4a). Over 80% MVs and EXos from
HAdV5-GFP-transduced A549 cells carried the
GFP fluorescent signal (Fig. 4a). In contrast, the
populations of EVs recovered from HAdV5-GFP-
CFTR-transduced A549 cells contained only 10–
12% fluorescent MVs, and 2–3% fluorescent EXos,
namely, 4–5-fold less for the latter (Fig. 4a). These
results were consistent with the fact that GFP is
an abundant cytoplasmic and nuclear protein,
whereas GFP-CFTR is a tightly regulated channel
protein, localized in specialized microdomains of
the cell plasma membrane.24–26
Figure 3. Characterization of EV-donor cells. Calu-3 and A549 cells, as indicated at the top of the panels, were probed for their CFTR or GFP-CFTR
glycoprotein contents (a), and corresponding mRNAs (b). (a) SDS-PAGE and Western blot analysis. Whole cell lysates were analyzed using anti-CFTR
(left panel), or anti-GFP antibodies (right panel). The CFTR band is indicated by a dot, and free GFP by an arrowhead. (b) RT-PCR analysis. RT-PCR was
performed using different pairs of primers, specific to the CFTR gene (left panel), or specific to the GFP gene and GFP-CFTR junction (right panel ). The
amplified fragments were 415 nt in length for CFTR, 99 nt for GFP, and 196 nt for the GFP-CFTR junction, respectively.
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Samples ofMVsGFP-CFTR andEXosGFP-CFTRwere
then analyzed by SDS-PAGEandWestern blotting,
using anti-GFP or anti-CFTR antibodies to detect
the GFP-CFTR fusion protein (Fig. 4b). The GFP-
CFTRprotein signal inMVsGFP-CFTRwasestimated
to be 10–20-fold higher, on a per-EV basis, com-
paredwith that of EXosGFP-CFTR (Fig. 4b). Of note, a
single band of the CFTR protein migrating with an
apparent molecular mass of 210–220kDa was vis-
ible in the EXosGFP-CFTR fraction, which was com-
patible with that of the GFP-fused mature CFTR
glycoprotein (25 +190kDa). In the MVsGFP-CFTR
samples, however, several bands were detected,
including a major doublet band at 200–220kDa,
and extra bands of immatureCFTRand/or cleavage
products (Fig. 4b).
MVsGFP-CFTR and EXosGFP-CFTR isolated from
the A549 cell culture medium at different times
after transduction with HAdV5-GFP-CFTR were
then probed for their mRNAGFP-CFTR content. RT-
PCR analysis, performed using primers over-
lapping theGFP-CFTR junction, or primers within
the CFTR gene sequence, suggested that the max-
imum incorporation of mRNAGFP-CFTR into both
MVs and EXos was attained during the first 48hr
after cell transduction with HAdV5-GFP-CFTR
(Fig. 4c). This was confirmed by quantitative RT-
PCR, which also showed that the mRNAGFP-CFTR
content was twofold higher in MVsGFP-CFTR, com-
pared with EXosGFP-CFTR (Fig. 4d).
Because MVsGFP-CFTR and EXosGFP-CFTR were
isolated from A549 cells transduced by the HAdV5-
GFP-CFTR vector, we determined whether these
EVs could also contain adenoviral vector DNA or
fragments thereof. Quantitative PCR using prim-
ers specific of the GFP-CFTR gene junction was
performed on MVsGFP-CFTR and EXosGFP-CFTR sam-
ples harvested at 24 and 48hr after HAdV5-GFP-
CFTR transduction. Vector DNAwas found in both
types of EVs, and their DNA content increased
with time posttransduction. There was no signifi-




Fig. S1a; Supplementary Data are available online
Figure 4. Characterization of EVs isolated from A549 cells. (a) Flow cytometry. MVs and EXos were isolated from the culture medium of untreated A549 cells
used as negative controls, A549 cells transduced with HAdV5-GFP, and A549 cells transduced with HAdV5-GFP-CFTR at 72 hr posttransduction (pt). The isolated
MVs and EXos were analyzed for the intensity of the GFP signal by flow cytometry. (b) GFP-CFTR glycoprotein content. MVs and EXos isolated from HAdV5-
GFP-CFTR-transduced A549 cells at 72 hr pt were probed for GFP-CFTR, using SDS-PAGE and Western blot analysis with antibodies (Ab) against CFTR (left
panel ), or GFP (right panel ). Lane WCL, whole cell lysates were used as positive controls. Lane mm, molecular markers. (c) RNAGFP-CFTR content (RT-PCR). MVs
and EXos from untreated A549 or HAdV5-GFP-CFTR-transduced A549 cells were collected at different times pt, and subjected to RT-PCR analysis, using
CFTR-specific primers. (d) Quantitative RT-PCR of RNAGFP-CFTR. The qRT-PCR analysis of MVs and EXos was performed using the pair of primers amplifying the
GFP-CFTR junction (196 nt fragment), with RPL27 RNA as the internal standard.
174 VITURET ET AL.
at www.liebertpub.com/hum). To further character-
ize thevectorDNAincorporated inEVs,MVsGFP-CFTR
and EXosGFP-CFTR were tested by plaque assays on
HEK-293 cells, a trans-complementing cell line for
rescuing E1A+E1B-deleted HAdV5 vectors such as
HAdV5-GFP-CFTR. No viral plaques were obtained
at any of the EV doses tested, implying that no viable
adenoviral vector could be rescued from the EVs (not
shown).
Cellular uptake of MVsGFP-CFTR
and EXosGFP-CFTR by target cells
EV dose dependence of the GFP-CFTR transfer.
MVsGFP-CFTR andEXosGFP-CFTR fromHAdV5-GFP-
CFTR-transducedA549 cells were added to A549 or
CF15 cell monolayers (5 · 105 cells per well) at
different transducing doses, ranging from 5 ·103 to
4 ·104EVs/cell, and incubated for 6hr at 37"C. The
cells were then harvested, and cell-associated
fluorescent signal was analyzed by flow cytometry.
There was a progressive increase in GFP-positive
cells from 5% to 40% with increasing doses of
MVsGFP-CFTR. A dose-dependent progressive aug-
mentation of GFP-positive cells was also observed
with EXosGFP-CFTR, reaching a maximum of 10%
GFP-positive cells at thehighest dose tested (Fig. 5a).
Cytotoxicity of MVsGFP-CFTR and EXosGFP-CFTR.
The potential cytotoxicity of MVsGFP-CFTR and
EXosGFP-CFTRwas tested at different doses on A549
and CF15 cells, using MTT assays. The viability
of EXosGFP-CFTR-transduced A549 cells decreased
to 60% at the highest dose of 4 ·104 EVs/cell, but
the other cell samples showed more that 80% via-
ble cells within the range of 2· 104 to 4 ·104 EVs/
cell. Interestingly, the CF15 cells showed the
highest degree of tolerance to both MVsGFP-CFTR
and EXosGFP-CFTR, with no significant cytotoxity
detected at the highest dose of 4 ·104 EVs/cell
(Fig. 5b).
Temperature dependence. We next explored
the effect of the incubation temperature on the
cellular attachment and uptake of EVs in both
homologous and heterologous systems. Aliquots of
MVsGFP and EXosGFP fromHAdV5-GFP-transduced
A549 cells were added to A549 or CF15 cell mono-
layers (2 ·104 EVs per cell), and cells were incu-
bated for 2 hr at 37"C, 22"C, and 4"C, respectively.
At the end of this period, cells were collected, fixed,
and analyzed by flow cytometry. The uptake of
MVsGFP and EXosGFP was temperature dependent
for both types of cell targets, with a progressive
decrease of the EV-mediated transduction with the
lowering of the incubation temperature (Fig. 5c). In
comparison to MVsGFP-transduced A549 cells at
37"C, a reduction of about 25% was observed at
22"C, and 50% at 4"C. InMVsGFP-transduced CF15
cells, the reductions were 50% and 90% at 22"C and
4"C, respectively. Because of the relatively low
values at 37"C, the variations with the tempera-
ture lowering were less pronounced for the cellular
uptake of EXosGFP by both targets (Fig. 5c). In
addition, the proportion of transduced cells and the
transduction efficiency were significantly higher
in the homologous cellular uptake compared with
the heterologous uptake at all temperatures tested
(Fig. 5c; compare upper and lower pairs of panels).
These results suggested that the cellular uptake
of A549-issued MVsGFP and EXosGFP by A549
and CF15 cells was a temperature-dependent, dy-
namic process, which required an optimal fluidity
of the membrane lipid bilayers. However, the ab-
sence of total inhibition of cellular uptake of EVs at
4"C suggested that a temperature-independent
mechanism might also be involved, such as the
recognition between receptor and/or adaptor mol-




To evaluate the efficiency of homologous and
heterologous EV-to-cell transfer, GFP-tagged EVs
(MVsGFP andEXosGFP) were prepared fromHAdV5-
GFP-transduced A549 cells. The advantage of us-
ing GFP-loaded EVs was the high proportion of
fluorescent EVs for GFP (over 80%), comparedwith
GFP-CFTR (around 10%; refer to Fig. 4a). For ho-
mologous cellular uptake of EVs, EVs isolated from
A549 cells were incubatedwith A549 cells, whereas
for heterologous cellular uptake, EVs isolated from
A549 cells were incubated with CF15 cells. In-
cubation was carried out at 37"C for 1, 2, 3, 4, 6, 12,
and 24hr, at an input of 2 ·104 EVs/cell. At each
time point, the target cells were fixed for fluores-
cencemicroscopy and assayed by flow cytometry for
the proportion of GFP-positive cells and the index
of transduction efficiency (TE). The TE, expressed
in arbitrary units (AU), was calculated using the
following formula:TE=GFP-positive cells (%)·MFI.34
Homologous cellular uptake (Fig. 6a). About
60% of A549 cells were GFP-positive after 3hr in-
cubation with MVsGFP, and 75% after 6 hr. The
proportion of GFP-positive cells reached a plateau
of 80% after 12hr. The values obtained for
EXosGFP-transduced cells were lower, with 5% and
10% at 3 and 6hr, respectively, and a plateau at
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25% after 12hr. The transduction efficiency was
significantly higher with MVsGFP, compared with
EXosGFP, with values ranging from 4- to 8-fold
higher at all time points (Fig. 6a, upper and lower
leftmost panels). Fluorescence microscopy obser-
vation showed that GFP dots were more abundant
in MVsGFP-transduced cells than in EXosGFP-
transduced cells at all time points tested (Fig. 6a,
upper and lower rightmost panels).
Heterologous cellular uptake (Fig. 6b). The up-
take of heterologous EVs was slower, and its effi-
ciencywas significantly lower (about 2-fold), compared
with homologous EV uptake: only 40% MVsGFP-
Figure 5. Dose dependence, cytotoxicity, and temperature dependence of EV-mediated transduction of target cells. (a) EV dose dependence. A549 cells were
incubated with increasing doses of MVsGFP-CFTR or EXosGFP-CFTR, and the cellular GFP signal was analyzed by flow cytometry (mean – SEM; n = 4). (b)
Cytotoxicity. A549 or CF15 cells incubated with MVsGFP-CFTR or EXosGFP-CFTR at different doses were analyzed for cell survival using the MTT assay. Data shown
are the percentages of viable cells compared with untreated samples. (c) Temperature dependence. Target cells, A549 (homologous EV-to-cell transfer; top
panels) or CF15 (heterologous EV-to-cell transfer; bottom panels), were incubated with samples of MVsGFP-CFTR or EXosGFP-CFTR (as indicated under the x axis) at
the indicated temperatures. Cells were collected after 6 hr incubation, and analyzed by flow cytometry to quantitate the percentage of GFP-positive cells (left
panels), and the transduction efficiency (right panels). The transduction efficiency (TE) was expressed as arbitrary units (AU), using the following formula:
TE =MFI · % GPF-positive cells. MFI, mean fluorescence intensity.
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transduced CF15 cells were found to be GFP-
positive at 12hr, and a maximum of 50% at 24hr.
This difference was also observed with EXosGFP-
transduced CF15 cells, which showed no fluores-
cent signal over the background before the 4hr
time point, and a maximum value at 5% GFP-
positive cells at 12 and 24hr. As observed with
A549 cells, the difference in transduction efficiency
between MVsGFP and EXosGFP ranged between
6- and 8-fold within the late time period (Fig. 6b,
Figure 6. Homologous versus heterologous EV-mediated cell transduction. (a) Homologous EV-to-cell transfer. A549 cells were incubated with MVsGFP or
EXosGFP isolated from HAdV5-GFP-transduced A549 cells, collected at different times, and analyzed by flow cytometry (left panels), and epifluorescence
microscopy (right panels). (b) Heterologous EV-to-cell transfer. CF15 cells were incubated with MVsGFP or EXosGFP isolated from HAdV5-transduced A549 cells,
collected at different times as in (a) and analyzed by flow cytometry (left panels), and epifluorescence microscopy (right panels). Data presented in the left
panels are mean– SEM (n = 3). The images of epifluorescence microscopy shown in the right panels were taken after 24 hr incubation.
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upper and lower leftmost panels), which was con-
firmed by fluorescence microscopy (Fig. 6b, upper
and lower rightmost panels). These results sug-
gested that the cellular uptake of EVs was more
efficient in homologous EV-to-cell transfer system,
compared with the heterologous type, with MVs
being more efficient than EXos in both cases.
Mechanisms of cellular uptake of EVs
Cell entry inhibitors. Metabolic inhibitors48,49
were used to further explore the cell entry pathway
of MVsGFP and EXosGFP in homologous and heter-
ologous transfer systems. Only cytochalasin B,
a cytoskeletal drug that acts as an endocytosis
blocker,48,49 and the macropinocytosis inhibitor
amiloride50 provoked a significant diminution
(about twofold) of the GFP signal in EV-treated
cells. This suggested that clathrin-dependent en-
docytosis and macropinocytosis were involved to
some extent in the cellular uptake of EVs. The ef-
fects observed with the other drugs weremoderate,
and varied with the cell types and the nature of the
EVs, in the negative or positive sense (data not
shown). This implied that MVs and EXos used
different mechanisms and/or alternative internal-
ization pathways, of which the relative importance
would depend on the nature of EVs and the type of
target cells. In the presence of a given metabolic
inhibitor responsible for the blockade of one path-
way, the EVs might be redirected to alternative
routes for cell entry, which, paradoxically, would
result in an apparent higher transduction effi-
ciency. This confirmed the diversity of mechanisms
of cellular attachment and uptake of EVs previ-
ously observed.21,51
Imaging of EV–cell interaction by electron mi-
croscopy. Monolayers of A549 cells were incu-
bated with A549-issued MVsGFP or EXosGFP (2·104
EVs/cell) at 37"C for 2hr, and the cells were fixed
and processed for EM. For both MVs and EXos,
EM observation showed close contacts between EVs
and the cell plasma membrane (Supplementary
Fig. S2a, b), and between intravesicular EVs and the
vesicular membrane (Supplementary Fig. S2d, f).
Electron-dense material connecting MVs and EXos
with plasma and vesicular membranes was also
visible. These imageswere reminiscent of a receptor–
ligand recognition, usually followed by cell inter-
nalization via membrane fusion, or alternatively
via endocytosis (Supplementary Fig. S2d, f).
Images evoking macropinocytosis were also ob-
served with both MVs and EXos (Supplementary
Fig. S2c, e).
Confocal fluorescence microscopy of EV–cell in-
teraction. The intracellular trafficking of EVs af-
ter their cellular uptake was investigated using
GFP-loaded EVs, and antibodies against markers
of the early, intermediate, and late vesicular com-
partments of the endocytic pathway. These in-
cluded antibodies against Rab5, Rab4a, Rab11, and
Lamp1. A549 cells were incubated with MVsGFP
and EXosGFP at an input of 2 ·104 EVs/cell, har-
vested at 2, 6, and 24hr posttransduction, per-
meabilized, and reacted with primary antibodies
followed by secondary, red-fluorescent antibodies.
The cell samples were then processed for con-
focal fluorescence microscopy. No colocalization
with Rab5, Rab4a, or Rab11 was detectable
with MVsGFP or EXosGFP at any of the time points
considered (not shown). At 24hr posttransduc-
tion, however, some degree of colocalization of
EXosGFP andLamp1was observed (Supplementary
Fig. S3a). Colocalization with Lamp1 was not ob-
served with MVsGFP, even at late times post-
transduction (Supplementary Fig. S3b). These
observations indicated that the MVs and EXos did
not accumulate in the same vesicular compart-
ments at late times after cell entry, and suggested
that MVs and EXos differed in their intracellular
trafficking.
Kinetics of EV-mediated delivery
of GFP-CFTR to CF target cells
MVsGFP-CFTR and EXosGFP-CFTR isolated from
HAdV5-GFP-CFTR-transduced A549 cells were
incubated with CF15 target cells at 2· 104 EVs/cell
for 6hr at 37"C, and cells collected at time points
6, 12, 24, and 48hr after transduction. At 6hr
posttransduction, the percentage of GFP-CFTR-
positive cellswas10–15%forMVsGFP-CFTR-transduced
cells and 5–6% for EXosGFP-CFTR-transduced cells.
At 12hr, the percentage of GFP-CFTR-positive
cells decreased for both types of EVs, with only 3%
fluorescent cells with MVsGFP-CFTR, and less than
2% for EXosGFP-CFTR (Fig. 7a, left panel). Inter-
estingly, the proportion of GFP-CFTR-positive
cells progressively increased at later times post-
transduction with both types of EVs, with 8–9%
GFP-CFTR-positive cells at 48hr for MVsGFP-CFTR-
transduced cells, and 5–6% for EXosGFP-CFTR-
transduced cells (Fig. 7a, left panel). The TE values
followed a similar U-shaped pattern (Fig. 7a, right
panel), and the transduction efficiency was con-
sistently 5–10-fold higher with MVsGFP-CFTR than
with EXosGFP-CFTR.
The transfer of mRNAGFP-CFTR molecules to
target cells was evaluated by RT-PCR and qRT-
PCR analyses, using primers overlapping the GFP
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and CFTR sequences, and RPL27 RNA as the in-
ternal control. Reaction was performed on samples
of MVsGFP-CFTR- and EXosGFP-CFTR-transduced
CF15 cells, harvested at different time points after
EV-transduction. Both types of samples contained
mRNAGFP-CFTR as early as 6hr posttransduction
(Fig. 7b, left panel). Interestingly, in MVsGFP-CFTR-
transduced cells, the number of mRNAGFP-CFTR
copies increased between 6 and 24 hr post-
transduction and remained stable until 48 hr,
before decreasing progressively. In EXosGFP-CFTR-
transduced cells, however, no plateau was ob-
served between 24 and 48hr, and the mRNAGFP-
CFTR content rapidly decreased after 24hr, to al-
most undetectable levels at 72hr. The difference in
mRNAGFP-CFTR levels between MVsGFP-CFTR- and
EXosGFP-CFTR-transduced CF15 cells was esti-
mated to be 5–7-fold between 6 and 24hr, and 25–
30-fold between 48 and 72hr (Fig. 7b, left panel).
The half-life of intracellular mRNAGFP-CFTR
transferred, deduced from the kinetic curves, was
t½ = 48 hr for MVs
GFP-CFTR, and t½ = 16 hr for
EXosGFP-CFTR (Fig. 7b, right panel), that is, three
times shorter in EXosGFP-CFTR-transduced cells
compared with MVsGFP-CFTR-transduced cells.
These results suggested that the cellular uptake of
heterologous EVs by the target cells CF15 was a
progressive process that prolonged until 24hr after
the initial EV-cell contact. These results also sug-
gested that themRNAGFP-CFTRmolecules conveyed
by MVsGFP-CFTR into CF15 cells did not follow the
same metabolic pathway as those conveyed by
EXosGFP-CFTR, and/or did not accumulate in the
same cellular compartments at late times after
Figure 7. Kinetics and efficiency of EV-mediated transfer of GFP-CFTR into target cells. (a) Flow cytometry. CF15 cells were incubated with MVsGFP-CFTR or
EXosGFP-CFTR isolated from HAdV5-GFP-CFTR-transduced A549 cells for different time periods at 37"C. Cell samples were collected at times indicated in the
x axis, and analyzed for the percentage of GFP-CFTR-positive cells (left panel), and transduction efficiency (right panel). (b) Quantitative RT-PCR analysis. The
RNAGFP-CFTR content was determined by qRT-PCR, using a pair of primers overlapping the GFP-CFTR junction (amplified fragment: 196 nt). The RPL27 RNA was
used as the internal standard. Data shown are GFP-CFTR to RPL27 RNA ratios (left panel). Normalized values of GFP-CFTR/RPL27 RNA ratios, with the 100%
value attributed to the maximal ratio obtained (right panel). The double-head arrow represents the estimated half-life of RNAGFP-CFTR molecules in MV- and EXo-
transduced cells, respectively (mean – SEM; n= 3).
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transfer. These two possibilities, which are not
mutually exclusive, were consistent with the ob-
servation by confocal fluorescence microscopy,
suggesting different cell trafficking pathway for
MVs and EXos (refer to Supplementary Fig. S3).
Vector DNA, carried over by EVs, was also de-
tected in EV-transduced CF15 cells. Quantitative
PCR analysis using primers specific of the GFP-
CFTR junction showed that there was 50–80-fold
less vector DNA in EXosGFP-CFTR-transduced
cells compared with MVsGFP-CFTR-transduced cells
(Supplementary Fig. S1b). There was no increase
in the vector DNA content between 24 and 48hr
posttransduction. There was no detectable adeno-
virus hexon gene transcript in MVsGFP-CFTR- or
EXosGFP-CFTR-transduced cells (not shown). These
results suggested that the template of the amplified
DNA fragments in both EVs and EV-transduced
cells consisted of incomplete or fragmented vector
DNA, naked or partially uncoated.
Restoration of chloride (Cl-) channel function
in CF cells transduced by CFTR-loaded EVs
The CF15 cells, which carry the deltaF508 mu-
tation in theCFTR gene, are defective in the CFTR
Cl- channel function. The next important issue
to address was whether transduction of CF15 cells
by CFTR-loaded EVs was able to restore or correct
the CFTR Cl- channel function in these cells. We
therefore tested for the gain in Cl- channel function
in CF15 cells incubated with different doses of
MVsGFP-CFTR or EXosGFP-CFTR, by measuring at
24hr postincubation the iodide efflux using an
iodide-selective microelectrode.26,42,43 As positive
controls of vector-transduced CFTR activity,28,29,35
CF15 cells were transduced by HAdV5-GFP-CFTR
at several vector doses. At 50 vector particles (vp)
per cell, a strong and rapid response of iodide efflux
was detectable as early as 1–2min after activation
(Fig. 8a). There was no detectable Cl- channel ac-
tivity at low vector doses (5 and 10 vp/cell), imply-
ing a threshold effect as previously observed in
human airway primary CF cells transduced by the
same HAdV5-GFP-CFTR vector.28,29
A dose–response study was performed with in-
creasing transducing doses of MVsGFP-CFTR or
EXosGFP-CFTR at 1· 104, 2· 104, and 4· 104 EVs/
cell. For both MVsGFP-CFTR or EXosGFP-CFTR, none
or low Cl- channel activity (10–20nmol I-/min) was
detected at the lowest dose of 1 ·104 EVs/cell. A
modest Cl- channel activity was detected with
MVsGFP-CFTR and EXosGFP-CFTR at the transducing
dose of 2·104EVs/cell (10–15nmol I-/min), andmore
importantly, a relatively high CFTR activity (40–
50nmol I-/min) was obtained with MVsGFP-CFTR and
Figure 8. Measurement of the CFTR channel activity in EV-transduced CF
cells. CF15 cells were incubated with MVsGFP-CFTR or EXosGFP-CFTR at in-
creasing transducing doses (1 · 104, 2· 104, or 4 · 104 EVs/cell). As positive
control, CF15 cells were transduced with HAdV5-GFP-CFTR at increasing
vector doses (5, 10, or 50 PFU/cell). At 24 hr posttransduction, cells were
loaded with iodide, and cAMP-containing stimulation cocktail was added at
time 0 (arrow), to activate the anion efflux through CFTR channels. The
amount of iodide released from the cells was measured at 1min intervals,
using an iodide-selective electrode (mean – SEM; n = 3). (a) CF15 cells
transduced with HAdV5-GFP-CFTR; (b) CF15 transduced with MVsGFP-CFTR;
(c) CF15 transduced with EXosGFP-CFTR. Color images available online at
www.liebertpub.com/hum
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EXosGFP-CFTR used at 4· 104 EVs/cell (Fig. 8b, c).
Compared with HAdV5-GFP-CFTR-transduced
cells, the peak of CFTR activity in EV-transduced
cells was about 2- to 3-fold lower (40–50 vs. 160–
200nmol I-/min), and slightly delayed (4min after
activation; Fig. 8b, c). Nevertheless, the Cl- chan-
nel activity in EV-transduced CF15 cells trans-
duced at 2· 104EVs/cell waswithin the same range
of values as those measured in Calu-3 cells, which
naturally express endogenous CFTR (refer to
Fig. 2b,c). These promising results demonstrated
that transduction of CF cells with MVsGFP-CFTR or
EXosGFP-CFTR was able to restore the CFTR Cl-
channel function as early as 24 hr posttrans-
duction. The CFTR Cl- channel activity in these
EV-transduced CF15 cells was found to persist at
detectable levels up to 5 days (not shown).
DISCUSSION
In an earlier study, we demonstrated that EVs
isolated from CHO cells modified to express
transmembrane glycoproteins such as the Cox-
sackie adenovirus receptor (CAR), CD46, and the
more complex dodecaspanin CFTR had the capac-
ity to transfer the CAR-, CD46-, and CFTR-
encodingmRNAmolecules to naive CHO cells. This
EV-to-cell transfer resulted in the gain of specific
functions associatedwithCAR, CD46, andCFTR in
the target CHO cells.27 In the present study, we
investigated the capacity of EVs in mediating the
delivery of CFTR to human CF cells. Preliminary
experiments using EVs fromCalu-3 cells incubated
with CF15 cells, which carry the CFTR DF508
mutation, showed a correction of the CFTR chlo-
ride channel defect in CF15 cells. However, the
level of this newly acquired CFTR activity was 10–
20-fold lower than that of Calu-3 cells. We there-
fore explored different conditions and parameters
to improve the delivery of CFTR to target cells.
Important factors in CFTR delivery included
the CFTR cargo in EVs, the homology between
EV-donor cells and EV-recipient cells, and the EV
transducing doses. To augment the CFTR cargo in
EVs, and to visualize in situ the transfer of the
CFTR glycoprotein, we used EVs isolated from
A549 cells transduced by HAdV5 vectors expres-
sing GFP-tagged CFTR at high levels.28,29 Both
types of EVs, MVs and EXos, were capable of in-
corporating and transferring GFP-CFTR to target
cells in both homologous (EVs from A549 to A549
cells) and heterologous systems (EVs from A549 to
CF15 cells). Not surprisingly, we found that the
cellular uptake of EVs wasmore efficient in EV-to-
cell homologous transfer. This parameter should
be taken into consideration for future clinical ap-
plications of EV-based human biotherapy, and
notably for the design of autologous EV-donor
cells.
Upon uptake of MVsGFP-CFTR and EXosGFP-CFTR,
the CFTR-deficient CF15 cells acquired the CFTR-
associated Cl- channel activity as rapidly as 24hr
posttransduction. The newly acquired CFTR ac-
tivity was EV-dose dependent in the range of
1 ·104 to 4·104MVs or EXos per cell. However, no
significant Cl- channel activity was detectable at
doses inferior to 104 EVs/cell. Of note, a similar
threshold effect had been observed in human air-
way primary CF cells transduced by adenoviral
vectors.29 Interestingly, the transduction effi-
ciency of CF cells over time by MVsGFP-CFTR and
EXosGFP-CFTR showed a curve with two maxima
separated by a minimum of GFP-CFTR-positive
cells at 12hr posttransduction (Fig. 8a). This
U-shaped pattern suggested that the fluorescent
signal detected at early and late times post-
transduction resulted from the contribution of two
types of molecules, the GFP-CFTR glycoprotein
and its encoding mRNA: (1) mature GFP-CFTR
glycoproteins transferred by EVs to target cells
would be responsible for the early GFP signal; (2)
de novo synthesized GFP-CFTR, translated from
the exogenous mRNAGFP-CFTR by the target cell
translational machinery, would be responsible for
the retarded GFP signal. These results implied
that EV-packaged mRNA molecules in general,
and mRNAGFP-CFTR in particular, played a major
role in the gain of a function by target cells, as ex-
emplified by the CFTR Cl- channel activity gained
by CF cells. This corroborated our previous ob-
servations of the functional role of exogenous
mRNA in conveying a desired biological activity in
target cells.27
However, EVs isolated from HAdV5-GFP-CFTR-
transduced A549 cells were found to contain rem-
nants of adenoviral vector DNA, which were
transferred to target cells. Although no infectious
viral vector could be rescued when MVsGFP-CFTR
and EXosGFP-CFTR were incubated with trans-
complementing HEK-293 cells, the possibility ex-
isted that theGFP-CFTR gene carried over by EVs
was transcribed into mRNAGFP-CFTR, and this neo-
synthesized mRNA translated into the GFP-CFTR
protein at late times after transduction. Such a
mechanismwas supported by a recent study on the
intracellular fate of EV-transferred biomolecules,
and on the active role played by a plasmid DNA
compared with RNA molecules, considering their
relative instability and short lifetime within the
recipient cells.52
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In the present study, we first demonstrated that
functional correction of the CFTR Cl- channel de-
fect in CF cells could be achieved by EVs carrying
mRNACFTR isolated fromCalu-3 cells. In the case of
CF15 cells transduced by EVs isolated from viral
vector-transduced cells, such as HAdV5-GFP-
CFTR/A549 cells, the mRNAGFP-CFTR responsible
for the newly acquired CFTR Cl- channel activity
might result from the translation of two separate
pools of molecules, mRNAGFP-CFTR presynthesized
in EV-donor cells (A549) and transferred by EVs to
target CF cells, and mRNAGFP-CFTR neosynthe-
sized in target CF15 cells. Whatever the respective
contribution of one or the other mechanism, the
neosynthesis of GFP-CFTR glycoprotein molecules
would explain the persistence of the CFTR activity
in CF cells for several days after the EV-mediated
transfer.
Flow cytometry analysis of CF15 cells trans-
duced with MVsGFP-CFTR and EXosGFP-CFTR at the
same dose, and RT-PCR determination of the
mRNAGFP-CFTR cellular content, suggested a
higher transfer efficiency by MVs, compared with
EXos. Likewise, mRNAGFP-CFTR had a longer half-
life in MVsGFP-CFTR-transduced cells, compared
with EXosGFP-CFTR-transduced cells. However, the
CFTR Cl- channel activity newly acquired by EV-
transduced CF15 cells and its duration over time
were found to be equivalent in EXosGFP-CFTR- and
MVsGFP-CFTR-transduced cells. These apparently
contradictory results implied that only a fraction of
the mRNAGFP-CFTR transferred by MVsGFP-CFTR
was metabolically active, and that the majority
remained sequestered in a dead-end cell compart-
ment. This hypothesis was supported by fluores-
cence confocal microscopy, which suggested that
MVsGFP-CFTR and EXosGFP-CFTR followed different
trafficking and/or metabolic pathways after their
cellular uptake by CF cells.
Collectively, our study confirmed the potential
application of EVs for the delivery of CFTR to CF
cells and the correction of the chloride channel
deficiency. The present limitation to the use of
CFTR-loaded EVs was the threshold observed in
the acquisition of the CFTR-associated channel
function, which required relatively high transduc-
ing doses of EVs, compared with conventional
viral vectors. This could be solved by in vitro
transcription of mRNACFTR molecules from a
CFTR-encoding plasmid, and their encapsulation
at high concentration into EVs, as already devel-
oped for therapeutic RNAs and liposomes.53 Such a
technique could find its application for EVs isolated
from individual patients, in the context of the
personalized medicine of CF pathology using au-
tologous EVs.
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Supplementary Data
Supplementary Figure S1. Vector DNA content in EVs and EV-
transduced cells. (a) EVsGFP-CFTR. Quantitative PCR was performed on
MVsGFP-CFTR and EXosGFP-CFTR from HAdV5-GFP-CFTR-transduced A549 cells
collected at 24 and 48 hr after transduction, using the pair of primers
specific for the GFP-CFTR junction. Results are expressed as femtograms
(ft) DNA per ng total RNA extracted from EVs (mean – SEM; n = 3).
(b) EVsGFP-CFTR-transduced cells. Quantitative PCR analysis of MVsGFP-CFTR-
and EXosGFP-CFTR-transduced CF15 cells, harvested at 24 and 48 hr after EV-
mediated transduction, was performed as above, using the primers specific
for the GFP-CFTR junction. Results are expressed as the number of DNA
copies per ng total DNA extracted (mean – SEM; n= 3); ns, not significant;
***p £ 0.001. Note the log scale of the y axis. EVs, extracellular vesicles;
EXOs, exosomes; MVs, microvesicles.
Supplementary Figure S2. Electron microscopy (EM) of EV-target cell early interaction. A549 cells were incubated with MVs (a–d) or EXos (e, f) isolated
from A549 cells (homologous EV-to-cell transfer) for 2 hr at 37"C, and processed for EM. In panels (a) and (b), white arrows point to electron-dense material
connecting MVs to the cell plasma membrane. In panels (c) to (f), arrows point to extracellular EVs (c, e), or to cell-internalized EVs (d, f).
Supplementary Figure S3. Fluorescence confocal microscopy of the EV pathway in target cells. A549 cells were incubated with (a) EXosGFP or (b)
MVsGFP. At 24 hr postincubation, the cells were fixed and reacted with anti-Lamp1 mouse monoclonal antibodies, followed by Alexa568-labeled antimouse IgG
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ĂƉƉůŝƋƵĠĞĂƵǆsƉƵŝƐƋƵ͛ŝůĂĠƚĠŵŽŶƚƌĠƋƵĞůĞƐZEŵŶĞƐĞƌĂŝĞŶƚƉĂƐĚŝƌŝŐĠƐǀĞƌƐůĞƐǆŽĚĞŵĂŶŝğƌĞ
ĂůĠĂƚŽŝƌĞ͘ŶĞĨĨĞƚ͕ƵŶĞĠƚƵĚĞďŝŽŝŶĨŽƌŵĂƚŝƋƵĞĚĞƐƐĠƋƵĞŶĐĞƐĞǆƉŽƌƚĠĞƐĚĂŶƐůĞƐǆŽĂĠƚĠƌĠĂůŝƐĠĞĞƚ
Ă ƌĠǀĠůĠ ůĂƉƌĠƐĞŶĐĞĚ͛ƵŶĞƐĠƋƵĞŶĐĞĐŽŶƐĞŶƐƵƐŵĂŝƐĚŽŶƚ ůĂ ƐƉĠĐŝĨŝĐŝƚĠŶ͛ĂƉĂƐĞŶĐŽƌĞĠƚĠǀĂůŝĚĠĞ
;ĂƚĂŐŽǀĞƚĂů͕͘ϮϬϭϭͿ͘ŶŽƵƚƌĞ͕ƵŶĞƌĠĐĞŶƚĞĠƚƵĚĞĂŵŽŶƚƌĠƋƵΖƵŶĞƐĠƋƵĞŶĐĞƐƉĠĐŝĨŝƋƵĞƉƌĠƐĞŶƚĞ
ĚĂŶƐ ůĞƐ ŵŝZE ƐĞ ůŝĂŝƚ ă ƵŶĞ ƌŝďŽŶƵĐůĠŽƉƌŽƚĠŝŶĞ ƐƵŵŽǇůĠĞ͕ ĞŶƚƌĂŠŶĂŶƚ ƐŽŶ ĂĚƌĞƐƐĂŐĞ ĂƵǆ s
;sŝůůĂƌƌŽǇĂͲĞůƚƌŝĞƚĂů͕͘ϮϬϭϯͿ͘EŽƵƐƉŽƵƌƌŝŽŶƐĞŶǀŝƐĂŐĞƌĚ͛ŝŶƐĠƌĞƌĐĞƚƚĞƐĠƋƵĞŶĐĞĐĂƌĂĐƚĠƌŝƐƚŝƋƵĞĞŶ











ůĂ ĐĞůůƵůĞ ƌĞĕŽŝƚ ƵŶĞ ƋƵĂŶƚŝƚĠ ƚƌŽƉ ŝŵƉŽƌƚĂŶƚĞ ĚĞ ǀĠƐŝĐƵůĞƐ͕ ĐĞ ƋƵŝ ĞǆƉůŝƋƵĞƌĂŝƚ ƋƵ͛ƵŶĞ ƉĂƌƚŝĞ ƐŽŝƚ
ĚĠŐƌĂĚĠĞ͘ ZĠĚƵŝƌĞ ůĞƐ ĚŽƐĞƐ ĞŶ ĞŶƌŝĐŚŝƐƐĂŶƚ ůĞƐ s ĞŶ ŵĂƚĠƌŝĞů Ě͛ŝŶƚĠƌġƚ ƉŽƵƌƌĂŝƚ ůŝŵŝƚĞƌ ůĞƵƌ

















ĂĠƌŝĞŶŶĞƐ͕ Ě͛ĂƵƚƌĞƐ ŵŽĚğůĞƐ ƉŽƵƌƌŽŶƚ ĞŶƐƵŝƚĞ ġƚƌĞ ĠƚƵĚŝĠƐ ĐŽŵŵĞ ůĞ ŵŽĚğůĞ ĐƵŶŶŝĚĠ ;ůĂƉŝŶ
ƚƌĂŶƐŐĠŶŝƋƵĞ&͕/EZĚĞ:ŽƵǇĞŶ:ŽƐĂƐͿŽƵƉŽƌĐŝŶ;ƉŽƌĐƐ&dZͲͬͲ͕/ŽǁĂhŽƵ/EZĚĞEŽƵǌŝůůǇͿ͘

ŝŶƐŝ͕ ĚĞ ŶŽŵďƌĞƵƐĞƐ ĠƚƵĚĞƐ ƐŽŶƚ ĞŶĐŽƌĞ ă ƌĠĂůŝƐĞƌ ĂĨŝŶ Ě͛ŽƉƚŝŵŝƐĞƌ ĐĞƚƚĞ ĂƉƉƌŽĐŚĞ Ğƚ ůĂ ƌĞŶĚƌĞ
ĞĨĨŝĐĂĐĞŝŶǀŝǀŽĐŚĞǌůĞƐƉĂƚŝĞŶƚƐ͘ůůĞƐĞƌĂŝƚƉĂƌĂŝůůĞƵƌƐăĐŽƵƉůĞƌĂǀĞĐĚ͛ĂƵƚƌĞƐƚƌĂŝƚĞŵĞŶƚƐƚĞůƐƋƵĞůĞƐ















ƐŽŶƚ ƉƌĠƐĞƌǀĠĞƐ͘ ĞƚƚĞ ŵĠƚŚŽĚĞ ĚĞ ƚƌĂŝƚĞŵĞŶƚ ƉƌĠƐĞŶƚĞ ů͛ĂǀĂŶƚĂŐĞ ĚĞ ĚĠůŝǀƌĞƌ ůĞ ŵĠĚŝĐĂŵĞŶƚ















































sŝƚƵƌĞƚ͕ ͕͘ 'ĂůůĂǇ͕ <͕͘ ŽŶĨŽƌƚ͕ D͘W͕͘ &ƚĂŝĐŚ͕ E͕͘ DĂƚĞŝ͕ ͘/͕͘ ƌĐŚĞƌ͕ &͕͘ ZŽŶĨŽƌƚ͕ ͕͘ DŽƌŶĞǆ͕ :͘&͕͘
ŚĂŶƐŽŶ͕D͕͘ ŝ WŝĞƚƌŽ͕ ͕͘ ŽƵůĂŶŐĞƌ ͕W͘ ĂŶĚ ,ŽŶŐ͕ ^͘^͘ ;ϮϬϭϲͿ͘ dƌĂŶƐĨĞƌ ŽĨ ƚŚĞ ǇƐƚŝĐ &ŝďƌŽƐŝƐ




















































































































ĚŵǇƌĞ͕͕͘ :ŽŚĂŶƐƐŽŶ͕^͘D͕͘ WĂƵůŝĞ͕^͕͘ ĂŶĚ 'ĂďƌŝĞůƐƐŽŶ͕^͘ ;ϮϬϬϲͿ͘ ŝƌĞĐƚ ĞǆŽƐŽŵĞ ƐƚŝŵƵůĂƚŝŽŶ ŽĨ
ƉĞƌŝƉŚĞƌĂůŚƵŵĂŶdĐĞůůƐĚĞƚĞĐƚĞĚďǇ>/^WKd͘Ƶƌ͘:/ŵŵƵŶŽů͘ϯϲ͕ϭϳϳϮͲϭϳϴϭ͘
ůĞŬƐĂŶĚƌŽǀ͕͘͕͘ŚĂŶŐ͕y͕͘ůĞŬƐĂŶĚƌŽǀ͕>͕͘ ĂŶĚZŝŽƌĚĂŶ͕:͘Z͘ ;ϮϬϬϬͿ͘ dŚĞŶŽŶͲŚǇĚƌŽůǇƚŝĐƉĂƚŚǁĂǇŽĨ
ĐǇƐƚŝĐĨŝďƌŽƐŝƐƚƌĂŶƐŵĞŵďƌĂŶĞĐŽŶĚƵĐƚĂŶĐĞƌĞŐƵůĂƚŽƌŝŽŶĐŚĂŶŶĞůŐĂƚŝŶŐ͘:͘WŚǇƐŝŽůϱϮϴWƚϮ͕ϮϱϵͲϮϲϱ͘
ůĞŬƐĂŶĚƌŽǀ͕͘͕͘<ŽƚĂ͕W͕͘ůĞŬƐĂŶĚƌŽǀ͕>͘͕͘,Ğ͕>͕͘:ĞŶƐĞŶ͕d͕͘Ƶŝ͕>͕͘'ĞŶƚǌƐĐŚ͕D͕͘ŽŬŚŽůǇĂŶ͕E͘s͕͘ĂŶĚ
ZŝŽƌĚĂŶ͕:͘Z͘ ;ϮϬϭϬͿ͘ ZĞŐƵůĂƚŽƌǇ ŝŶƐĞƌƚŝŽŶ ƌĞŵŽǀĂů ƌĞƐƚŽƌĞƐ ŵĂƚƵƌĂƚŝŽŶ͕ ƐƚĂďŝůŝƚǇ ĂŶĚ ĨƵŶĐƚŝŽŶ ŽĨ
ĞůƚĂ&ϱϬϴ&dZ͘:͘DŽů͘ŝŽů͘ϰϬϭ͕ϭϵϰͲϮϭϬ͘
ůůŝŬŵĞƚƐ͕Z͕͘ ^ŝŶŐŚ͕E͕͘ ^ƵŶ͕,͕͘ ^ŚƌŽǇĞƌ͕E͘&͕͘ ,ƵƚĐŚŝŶƐŽŶ͕͕͘ ŚŝĚĂŵďĂƌĂŵ͕͕͘ 'ĞƌƌĂƌĚ͕͕͘ ĂŝƌĚ͕>͕͘
^ƚĂƵĨĨĞƌ͕͕͘ WĞŝĨĨĞƌ͕͕͘ ZĂƚƚŶĞƌ͕͕͘ ^ŵĂůůǁŽŽĚ͕W͕͘ >ŝ͕z͕͘ ŶĚĞƌƐŽŶ͕<͘>͕͘ >ĞǁŝƐ͕Z͘͕͘ EĂƚŚĂŶƐ͕:͕͘
>ĞƉƉĞƌƚ͕D͕͘ ĞĂŶ͕D͕͘ ĂŶĚ >ƵƉƐŬŝ͕:͘Z͘ ;ϭϵϵϳͿ͘  ƉŚŽƚŽƌĞĐĞƉƚŽƌ ĐĞůůͲƐƉĞĐŝĨŝĐ dWͲďŝŶĚŝŶŐ ƚƌĂŶƐƉŽƌƚĞƌ
ŐĞŶĞ;ZͿŝƐŵƵƚĂƚĞĚŝŶƌĞĐĞƐƐŝǀĞ^ƚĂƌŐĂƌĚƚŵĂĐƵůĂƌĚǇƐƚƌŽƉŚǇ͘EĂƚ͘'ĞŶĞƚϭϱ͕ϮϯϲͲϮϰϲ͘
ůƚŽŶ͕͘t͕͘ ƌŵƐƚƌŽŶŐ͕͘<͕͘ ƐŚďǇ͕͕͘ ĂǇĨŝĞůĚ͕<͘:͕͘ ŝůƚŽŶ͕͕͘ ůŽŽŵĨŝĞůĚ͕͘s͕͘ ŽǇĚ͕͘͕͘ ƌĂŶĚ͕:͕͘
ƵĐŚĂŶ͕Z͕͘ ĂůĐĞĚŽ͕Z͕͘ ĂƌǀĞůůŝ͕W͕͘ ŚĂŶ͕D͕͘ ŚĞŶŐ͕^͘,͕͘ ŽůůŝĞ͕͘͕͘ ƵŶŶŝŶŐŚĂŵ͕^͕͘ ĂǀŝĚƐŽŶ͕,͘͕͘
ĂǀŝĞƐ͕'͕͘ ĂǀŝĞƐ͕:͘͕͘ ĂǀŝĞƐ͕>͘͕͘ ĞǁĂƌ͕D͘,͕͘ ŽŚĞƌƚǇ͕͕͘ ŽŶŽǀĂŶ͕:͕͘ ǁǇĞƌ͕E͘^͕͘ ůŐŵĂƚŝ͕,͘/͕͘
&ĞĂƚŚĞƌƐƚŽŶĞ͕Z͘&͕͘ 'ĂǀŝŶŽ͕:͕͘ 'ĞĂͲ^Žƌůŝ͕^͕͘ 'ĞĚĚĞƐ͕͘D͕͘ 'ŝďƐŽŶ͕:͘^͕͘ 'ŝůů͕͘Z͕͘ 'ƌĞĞŶŝŶŐ͕͘W͕͘
'ƌŝĞƐĞŶďĂĐŚ͕h͕͘,ĂŶƐĞůů͕͘D͕͘,ĂƌŵĂŶ͕<͕͘,ŝŐŐŝŶƐ͕d͘͕͘,ŽĚŐĞƐ͕^͘>͕͘,ǇĚĞ͕^͘͕͘,ǇŶĚŵĂŶ͕>͕͘/ŶŶĞƐ͕:͘͕͘
:ĂĐŽď͕:͕͘ :ŽŶĞƐ͕E͕͘ <ĞŽŐŚ͕͘&͕͘ >ŝŵďĞƌŝƐ͕D͘W͕͘ >ůŽǇĚͲǀĂŶƐ͕W͕͘ DĂĐůĞĂŶ͕͘t͕͘ DĂŶǀĞůů͕D͘͕͘
DĐŽƌŵŝĐŬ͕͕͘ DĐ'ŽǀĞƌŶ͕D͕͘ DĐ>ĂĐŚůĂŶ͕'͕͘ DĞŶŐ͕͕͘ DŽŶƚĞƌŽ͕D͘͕͘ DŝůůŝŐĂŶ͕,͕͘ DŽǇĐĞ͕>͘:͕͘
DƵƌƌĂǇ͕'͘͕͘ EŝĐŚŽůƐŽŶ͕͘'͕͘ KƐĂĚŽůŽƌ͕d͕͘ WĂƌƌĂͲ>ĞŝƚŽŶ͕:͕͘ WŽƌƚĞŽƵƐ͕͘:͕͘ WƌŝŶŐůĞ͕/͘͕͘ WƵŶĐŚ͕͘<͕͘
WǇƚĞů͕<͘D͕͘YƵŝƚƚŶĞƌ͕͘>͕͘ZŝǀĞůůŝŶŝ͕'͕͘^ĂƵŶĚĞƌƐ͕͘:͕͘^ĐŚĞƵůĞ͕Z͘<͕͘^ŚĞĂƌĚ͕^͕͘^ŝŵŵŽŶĚƐ͕E͘:͕͘^ŵŝƚŚ͕<͕͘
^ŵŝƚŚ͕^͘E͕͘ ^ŽƵƐƐŝ͕E͕͘ ^ŽƵƐƐŝ͕^͕͘ ^ƉĞĂƌŝŶŐ͕͘:͕͘ ^ƚĞǀĞŶƐŽŶ͕͘:͕͘ ^ƵŵŶĞƌͲ:ŽŶĞƐ͕^͘'͕͘ dƵƌŬŬŝůĂ͕D͕͘









ŶĚĞƌƐŽŶ͕D͘W͕͘ 'ƌĞŐŽƌǇ͕Z͘:͕͘ dŚŽŵƉƐŽŶ͕^͕͘ ^ŽƵǌĂ͕͘t͕͘ WĂƵů͕^͕͘ DƵůůŝŐĂŶ͕Z͘͕͘ ^ŵŝƚŚ͕͘͕͘ ĂŶĚ
tĞůƐŚ͕D͘:͘;ϭϵϵϭͿ͘ĞŵŽŶƐƚƌĂƚŝŽŶƚŚĂƚ&dZŝƐĂĐŚůŽƌŝĚĞĐŚĂŶŶĞůďǇĂůƚĞƌĂƚŝŽŶŽĨŝƚƐĂŶŝŽŶƐĞůĞĐƚŝǀŝƚǇ͘
^ĐŝĞŶĐĞϮϱϯ͕ϮϬϮͲϮϬϱ͘











ĂŝĞƚƚŝ͕D͘&͕͘ ŚĂŶŐ͕͕͘DŽƌƚŝĞƌ͕͕͘DĞůĐŚŝŽƌ͕͕͘ ĞŐĞĞƐƚ͕'͕͘ 'ĞĞƌĂĞƌƚƐ͕͕͘ /ǀĂƌƐƐŽŶ͕z͕͘ ĞƉŽŽƌƚĞƌĞ͕&͕͘
ŽŽŵĂŶƐ͕͕͘ sĞƌŵĞŝƌĞŶ͕͕͘ ŝŵŵĞƌŵĂŶŶ͕W͕͘ ĂŶĚĂǀŝĚ͕'͘ ;ϮϬϭϮͿ͘ ^ǇŶĚĞĐĂŶͲƐǇŶƚĞŶŝŶͲ>/y ƌĞŐƵůĂƚĞƐ
ƚŚĞďŝŽŐĞŶĞƐŝƐŽĨĞǆŽƐŽŵĞƐ͘EĂƚ͘ĞůůŝŽů͘ϭϰ͕ϲϳϳͲϲϴϱ͘




ŝŶ ƐĞĐƌĞƚĞĚ ZEƐ ĂƐ ƉƵƚĂƚŝǀĞ ĐŝƐͲĂĐƚŝŶŐ ĞůĞŵĞŶƚƐ ƚĂƌŐĞƚŝŶŐ ƚŚĞŵ ƚŽ ĞǆŽƐŽŵĞ ŶĂŶŽͲǀĞƐŝĐůĞƐ͘ D͘
'ĞŶŽŵŝĐƐϭϮ^ƵƉƉůϯ͕^ϭϴ͘
ĞďĂǁǇ͕D͕͘ ŽŵďĞƐ͕s͕͘ >ĞĞ͕͕͘ :ĂŝƐǁĂů͕Z͕͘ 'ŽŶŐ͕:͕͘ ŽŶŚŽƵƌĞ͕͕͘ ĂŶĚ 'ƌĂƵ͕'͘͘ ;ϮϬϬϵͿ͘DĞŵďƌĂŶĞ
ŵŝĐƌŽƉĂƌƚŝĐůĞƐŵĞĚŝĂƚĞƚƌĂŶƐĨĞƌŽĨWͲŐůǇĐŽƉƌŽƚĞŝŶƚŽĚƌƵŐƐĞŶƐŝƚŝǀĞĐĂŶĐĞƌĐĞůůƐ͘>ĞƵŬĞŵŝĂϮϯ͕ϭϲϰϯͲ
ϭϲϰϵ͘
ĞůůŽŶ͕'͕͘ DŝĐŚĞůͲĂůĞŵĂƌĚ͕>͕͘ dŚŽƵǀĞŶŽƚ͕͕͘ :ĂŐŶĞĂƵǆ͕s͕͘ WŽŝƚĞǀŝŶ͕&͕͘ DĂůĐƵƐ͕͕͘ ĐĐĂƌƚ͕E͕͘







ĞƌŐĞƌ͕,͘͕͘ ŶĚĞƌƐŽŶ͕D͘W͕͘ 'ƌĞŐŽƌǇ͕Z͘:͕͘ dŚŽŵƉƐŽŶ͕^͕͘ ,ŽǁĂƌĚ͕W͘t͕͘ DĂƵƌĞƌ͕Z͘͕͘ DƵůůŝŐĂŶ͕Z͕͘
^ŵŝƚŚ͕͘͕͘ĂŶĚtĞůƐŚ͕D͘:͘;ϭϵϵϭͿ͘/ĚĞŶƚŝĨŝĐĂƚŝŽŶĂŶĚƌĞŐƵůĂƚŝŽŶŽĨƚŚĞĐǇƐƚŝĐĨŝďƌŽƐŝƐƚƌĂŶƐŵĞŵďƌĂŶĞ
ĐŽŶĚƵĐƚĂŶĐĞƌĞŐƵůĂƚŽƌͲŐĞŶĞƌĂƚĞĚĐŚůŽƌŝĚĞĐŚĂŶŶĞů͘:͘ůŝŶ/ŶǀĞƐƚϴϴ͕ϭϰϮϮͲϭϰϯϭ͘
ĞƌŐĞƌ͕,͘͕͘ dƌĂǀŝƐ͕^͘D͕͘ ĂŶĚ tĞůƐŚ͕D͘:͘ ;ϭϵϵϯͿ͘ ZĞŐƵůĂƚŝŽŶ ŽĨ ƚŚĞ ĐǇƐƚŝĐ ĨŝďƌŽƐŝƐ ƚƌĂŶƐŵĞŵďƌĂŶĞ
ĐŽŶĚƵĐƚĂŶĐĞƌĞŐƵůĂƚŽƌůͲĐŚĂŶŶĞůďǇƐƉĞĐŝĨŝĐƉƌŽƚĞŝŶŬŝŶĂƐĞƐĂŶĚƉƌŽƚĞŝŶƉŚŽƐƉŚĂƚĂƐĞƐ͘:͘ŝŽů͘ŚĞŵ͘
Ϯϲϴ͕ϮϬϯϳͲϮϬϰϳ͘





























ŽůĂƐ͕:͕͘ &ĂƵƌĞ͕'͕͘ ^ĂƵƐƐĞƌĞĂƵ͕͕͘ dƌƵĚĞů͕^͕͘ ZĂďĞŚ͕t͘D͕͘ ŝƚĂŵ͕^͕͘ 'ƵĞƌƌĞƌĂ͕/͘͕͘ &ƌŝƚƐĐŚ͕:͕͘ ^ĞƌŵĞƚͲ
'ĂƵĚĞůƵƐ͕/͕͘ ĂǀĞǌĂĐ͕E͕͘ ƌŽƵŝůůĂƌĚ͕&͕͘ >ƵŬĂĐƐ͕'͘>͕͘ ,ĞƌƌŵĂŶŶ͕,͕͘ KůůĞƌŽ͕D͕͘ ĂŶĚ ĚĞůŵĂŶ͕͘ ;ϮϬϭϮͿ͘
ŝƐƌƵƉƚŝŽŶŽĨ ĐǇƚŽŬĞƌĂƚŝŶͲϴ ŝŶƚĞƌĂĐƚŝŽŶǁŝƚŚ&ϱϬϴĚĞůͲ&dZĐŽƌƌĞĐƚƐ ŝƚƐ ĨƵŶĐƚŝŽŶĂůĚĞĨĞĐƚ͘,Ƶŵ͘DŽů͘
'ĞŶĞƚϮϭ͕ϲϮϯͲϲϯϰ͘
ŽůŽŵďŽ͕D͕͘DŽŝƚĂ͕͕͘ǀĂŶ͕E͘'͕͘<ŽǁĂů͕:͕͘sŝŐŶĞƌŽŶ͕:͕͘ĞŶĂƌŽĐŚ͕W͕͘DĂŶĞů͕E͕͘DŽŝƚĂ͕>͘&͕͘dŚĞƌǇ͕͕͘ĂŶĚ




ŽŶŶĞƌ͕'͘͕͘ tŝũŬƐƚƌŽŵͲ&ƌĞŝ͕͕͘ ZĂŶĚĞůů͕^͘,͕͘ &ĞƌŶĂŶĚĞǌ͕s͘͕͘ ĂŶĚ ^ĂůĂƚŚĞ͕D͘ ;ϮϬϬϳͿ͘ dŚĞ
ůĂĐƚŽƉĞƌŽǆŝĚĂƐĞƐǇƐƚĞŵůŝŶŬƐĂŶŝŽŶƚƌĂŶƐƉŽƌƚƚŽŚŽƐƚĚĞĨĞŶƐĞŝŶĐǇƐƚŝĐĨŝďƌŽƐŝƐ͘&^>Ğƚƚ͘ϱϴϭ͕ϮϳϭͲϮϳϴ͘
ŽƌũŽŶ͕^͕͘ 'ŽŶǌĂůĞǌ͕'͕͘ ,ĞŶŶŝŶŐ͕W͕͘ 'ƌŝĐŚŝŶĞ͕͕͘ >ŝŶĚŚŽůŵ͕>͕͘ ŽƵůĂŶŐĞƌ͕W͕͘ &ĞŶĚĞƌ͕W͕͘ ĂŶĚ ,ŽŶŐ͕^͘^͘
;ϮϬϭϭͿ͘ĞůůĞŶƚƌǇĂŶĚƚƌĂĨĨŝĐŬŝŶŐŽĨŚƵŵĂŶĂĚĞŶŽǀŝƌƵƐďŽƵŶĚƚŽďůŽŽĚĨĂĐƚŽƌyŝƐĚĞƚĞƌŵŝŶĞĚďǇƚŚĞ
ĨŝďĞƌƐĞƌŽƚǇƉĞĂŶĚŶŽƚŚĞǆŽŶ͗ŚĞƉĂƌĂŶƐƵůĨĂƚĞŝŶƚĞƌĂĐƚŝŽŶ͘W>Ž^͘KŶĞ͘ϲ͕ĞϭϴϮϬϱ͘
ŽƚƚĞŶ͕:͘&͘ ĂŶĚ tĞůƐŚ͕D͘:͘ ;ϭϵϵϳͿ͘ ŽǀĂůĞŶƚ ŵŽĚŝĨŝĐĂƚŝŽŶ ŽĨ ƚŚĞ ƌĞŐƵůĂƚŽƌǇ ĚŽŵĂŝŶ ŝƌƌĞǀĞƌƐŝďůǇ
ƐƚŝŵƵůĂƚĞƐĐǇƐƚŝĐĨŝďƌŽƐŝƐƚƌĂŶƐŵĞŵďƌĂŶĞĐŽŶĚƵĐƚĂŶĐĞƌĞŐƵůĂƚŽƌ͘:͘ŝŽů͘ŚĞŵ͘ϮϳϮ͕ϮϱϲϭϳͲϮϱϲϮϮ͘















ĂůƚŽŶ͕:͕͘ <ĂůŝĚ͕K͕͘ ^ĐŚƵƐŚĂŶ͕D͕͘ ĞŶͲdĂů͕E͕͘ ĂŶĚsŝůůĂͲ&ƌĞŝǆĂ͕:͘ ;ϮϬϭϮͿ͘EĞǁŵŽĚĞůŽĨ ĐǇƐƚŝĐ ĨŝďƌŽƐŝƐ
ƚƌĂŶƐŵĞŵďƌĂŶĞ ĐŽŶĚƵĐƚĂŶĐĞ ƌĞŐƵůĂƚŽƌ ƉƌŽƉŽƐĞƐ ĂĐƚŝǀĞ ĐŚĂŶŶĞůͲůŝŬĞ ĐŽŶĨŽƌŵĂƚŝŽŶ͘ :͘ ŚĞŵ͘ /ŶĨ͘
DŽĚĞů͘ϱϮ͕ϭϴϰϮͲϭϴϱϯ͘
ĂŶǌĞƌ͕<͘D͕͘ <ƌĂŶŝĐŚ͕>͘Z͕͘ ZƵĨ͕t͘W͕͘ ĂŐƐĂůͲ'ĞƚŬŝŶ͕K͕͘ tŝŶƐůŽǁ͕͘Z͕͘ ŚƵ͕>͕͘ sĂŶĚĞƌďƵƌŐ͕͘Z͕͘ ĂŶĚ
DĐ>ĞĂŶ͕W͘:͘ ;ϮϬϭϮͿ͘ ǆŽƐŽŵĂů ĐĞůůͲƚŽͲĐĞůů ƚƌĂŶƐŵŝƐƐŝŽŶ ŽĨ ĂůƉŚĂ ƐǇŶƵĐůĞŝŶ ŽůŝŐŽŵĞƌƐ͘ DŽů͘
EĞƵƌŽĚĞŐĞŶĞƌ͘ϳ͕ϰϮ͘





ƉĂƚŚŽůŽŐŝĐĂů ĐŽŶĚŝƚŝŽŶƐ͗ŶĞǁ ŝŶƐŝŐŚƚƐ ĨŽƌĚŝĂŐŶŽƐŝƐĂŶĚ ƚŚĞƌĂƉĞƵƚŝĐĂƉƉůŝĐĂƚŝŽŶƐ͘&ƌŽŶƚ /ŵŵƵŶŽů͘ϲ͕
ϮϬϯ͘
ĞĂŶ͕D͕͘ ,ĂŵŽŶ͕z͕͘ ĂŶĚ ŚŝŵŝŶŝ͕'͘ ;ϮϬϬϭͿ͘ dŚĞ ŚƵŵĂŶ dWͲďŝŶĚŝŶŐ ĐĂƐƐĞƚƚĞ ;Ϳ ƚƌĂŶƐƉŽƌƚĞƌ
ƐƵƉĞƌĨĂŵŝůǇ͘:͘>ŝƉŝĚZĞƐ͘ϰϮ͕ϭϬϬϳͲϭϬϭϳ͘
ĞďĂƌďŝĞƵǆ͕>͕͘>ĞĚƵĐ͕͕͘DĂƵƌĂ͕͕͘DŽƌĞůůŽ͕͕͘ƌŝƐĐƵŽůŽ͕͕͘'ƌŽƐƐŝ͕K͕͘ĂůůŽǇ͕s͕͘ĂŶĚdŽƵƋƵŝ͕>͘;ϮϬϭϬͿ͘
ĂĐƚĞƌŝŽƉŚĂŐĞƐ ĐĂŶ ƚƌĞĂƚ ĂŶĚ ƉƌĞǀĞŶƚ WƐĞƵĚŽŵŽŶĂƐ ĂĞƌƵŐŝŶŽƐĂ ůƵŶŐ ŝŶĨĞĐƚŝŽŶƐ͘ : /ŶĨĞĐƚ͘ ŝƐ͘ ϮϬϭ͕
ϭϬϵϲͲϭϭϬϰ͘






ŶŐĞůŚĂƌĚƚ͕:͘&͕͘ zĂŶŬĂƐŬĂƐ͕:͘Z͕͘ ƌŶƐƚ͕^͘͕͘ zĂŶŐ͕z͕͘ DĂƌŝŶŽ͕͘Z͕͘ ŽƵĐŚĞƌ͕Z͘͕͘ ŽŚŶ͕:͘͕͘ ĂŶĚ
tŝůƐŽŶ͕:͘D͘ ;ϭϵϵϮͿ͘ ^ƵďŵƵĐŽƐĂů ŐůĂŶĚƐĂƌĞ ƚŚĞƉƌĞĚŽŵŝŶĂŶƚ ƐŝƚĞŽĨ&dZĞǆƉƌĞƐƐŝŽŶ ŝŶ ƚŚĞŚƵŵĂŶ
ďƌŽŶĐŚƵƐ͘EĂƚ͘'ĞŶĞƚϮ͕ϮϰϬͲϮϰϴ͘
ƐĐƌĞǀĞŶƚĞ͕͕͘ <ĞůůĞƌ͕^͕͘ ůƚĞǀŽŐƚ͕W͕͘ ĂŶĚ ŽƐƚĂ͕:͘ ;ϮϬϭϭͿ͘ /ŶƚĞƌĂĐƚŝŽŶ ĂŶĚ ƵƉƚĂŬĞ ŽĨ ĞǆŽƐŽŵĞƐ ďǇ
ŽǀĂƌŝĂŶĐĂŶĐĞƌĐĞůůƐ͘D͘ĂŶĐĞƌϭϭ͕ϭϬϴ͘
ƐĐƵĚŝĞƌ͕͕͘ŽƌǀĂů͕d͕͘ŚĂƉƵƚ͕E͕͘ŶĚƌĞ͕&͕͘ĂďǇ͕D͘W͕͘EŽǀĂƵůƚ͕^͕͘&ůĂŵĞŶƚ͕͕͘>ĞďŽƵůĂŝƌĞ͕͕͘ŽƌŐ͕͕͘



















&Ƶ͕>͘ ĂŶĚ ^ǌƚƵů͕͘ ;ϮϬϬϵͿ͘ ZͲĂƐƐŽĐŝĂƚĞĚ ĐŽŵƉůĞǆĞƐ ;ZƐͿ ĐŽŶƚĂŝŶŝŶŐ ĂŐŐƌĞŐĂƚĞĚ ĐǇƐƚŝĐ ĨŝďƌŽƐŝƐ
ƚƌĂŶƐŵĞŵďƌĂŶĞĐŽŶĚƵĐƚĂŶĐĞƌĞŐƵůĂƚŽƌ;&dZͿĂƌĞĚĞŐƌĂĚĞĚďǇĂƵƚŽƉŚĂŐǇ͘Ƶƌ͘:͘ĞůůŝŽů͘ϴϴ͕ϮϭϱͲ
ϮϮϲ͘
















ĂŶĚ ƉƌŽƚĞŽůǇƚŝĐ ĐŽŶƚĞŶƚ ŽĨ ǀĞƐŝĐůĞƐ ƐŚĞĚ ďǇ ŚƵŵĂŶ ĐĂŶĐĞƌ ĐĞůů ůŝŶĞƐ ĐŽƌƌĞůĂƚĞƐ ǁŝƚŚ ƚŚĞŝƌ ŝŶ ǀŝƚƌŽ
ŝŶǀĂƐŝǀĞŶĞƐƐ͘ŶƚŝĐĂŶĐĞƌZĞƐ͘ϭϴ͕ϯϰϯϯͲϯϰϯϳ͘
'ŽŶǌĂůĞǌ͕'͕͘sŝƚƵƌĞƚ͕͕͘ŝWŝĞƚƌŽ͕͕͘ŚĂŶƐŽŶ͕D͕͘ŽƵůĂŶŐĞƌ͕W͕͘ĂŶĚ,ŽŶŐ͕^͘^͘ ;ϮϬϭϮͿ͘DŝĐƌŽƉĂƌƚŝĐůĞͲ
ŵĞĚŝĂƚĞĚƚƌĂŶƐĨĞƌŽĨ ƚŚĞǀŝƌĂů ƌĞĐĞƉƚŽƌƐZĂŶĚϰϲ͕ĂŶĚƚŚĞ&dZĐŚĂŶŶĞů ŝŶĂ,KĐĞůůŵŽĚĞů
ĐŽŶĨĞƌƐŶĞǁĨƵŶĐƚŝŽŶƐƚŽƚĂƌŐĞƚĐĞůůƐ͘W>Ž^͘KŶĞ͘ϳ͕ĞϱϮϯϮϲ͘
'ƌĂŶŝŽ͕K͕͘ ƐŚďŽƵƌŶĞ ǆĐŽĨĨŽŶ͕<͘:͕͘ ,ĞŶŶŝŶŐ͕W͕͘ DĞůŝŶ͕W͕͘ EŽƌĞǌ͕͕͘ 'ŽŶǌĂůĞǌ͕'͕͘ <ĂƌƉ͕W͘,͕͘
DĂŐŶƵƐƐŽŶ͕D͘<͕͘ ,Ăďŝď͕E͕͘ >ŝŶĚŚŽůŵ͕>͕͘ ĞĐƋ͕&͕͘ ŽƵůĂŶŐĞƌ͕W͕͘ ĂďŶĞƌ͕:͕͘ ĂŶĚ ,ŽŶŐ͕^͘^͘ ;ϮϬϭϬͿ͘









'ǇŽƌŐǇ͕͕͘ ,ƵŶŐ͕D͘͕͘ ƌĞĂŬĞĨŝĞůĚ͕y͘K͕͘ ĂŶĚ >ĞŽŶĂƌĚ͕:͘E͘ ;ϮϬϭϱͿ͘ dŚĞƌĂƉĞƵƚŝĐ ĂƉƉůŝĐĂƚŝŽŶƐ ŽĨ
ĞǆƚƌĂĐĞůůƵůĂƌǀĞƐŝĐůĞƐ͗ĐůŝŶŝĐĂůƉƌŽŵŝƐĞĂŶĚŽƉĞŶƋƵĞƐƚŝŽŶƐ͘ŶŶƵ͘ZĞǀ͘WŚĂƌŵĂĐŽůdŽǆŝĐŽů͘ϱϱ͕ϰϯϵͲϰϲϰ͘

































,ǇĚĞ͕^͘͕͘ ^ŽƵƚŚĞƌŶ͕<͘t͕͘ 'ŝůĞĂĚŝ͕h͕͘ &ŝƚǌũŽŚŶ͕͘D͕͘ DŽĨĨŽƌĚ͕<͘͕͘ tĂĚĚĞůů͕͘͕͘ 'ŽŽŝ͕,͘͕͘




:ĞĨĨĞƌƐŽŶ͕͘D͕͘ sĂůĞŶƚŝĐŚ͕:͘͕͘ DĂƌŝŶŝ͕&͘͕͘ 'ƌƵďŵĂŶ͕^͘͕͘ /ĂŶŶƵǌǌŝ͕D͘͕͘ ŽƌŬŝŶ͕,͘>͕͘ >ŝ͕D͕͘
<ůŝŶŐĞƌ͕<͘t͕͘ ĂŶĚ tĞůƐŚ͕D͘:͘ ;ϭϵϵϬͿ͘ ǆƉƌĞƐƐŝŽŶ ŽĨ ŶŽƌŵĂů ĂŶĚ ĐǇƐƚŝĐ ĨŝďƌŽƐŝƐ ƉŚĞŶŽƚǇƉĞƐ ďǇ
ĐŽŶƚŝŶƵŽƵƐĂŝƌǁĂǇĞƉŝƚŚĞůŝĂůĐĞůůůŝŶĞƐ͘ŵ͘:͘WŚǇƐŝŽůϮϱϵ͕>ϰϵϲͲ>ϱϬϱ͘
:ĞŶƐĞŶ͕d͘:͕͘ >ŽŽ͕D͘͕͘ WŝŶĚ͕^͕͘ tŝůůŝĂŵƐ͕͘͕͘ 'ŽůĚďĞƌŐ͕͘>͕͘ ĂŶĚ ZŝŽƌĚĂŶ͕:͘Z͘ ;ϭϵϵϱͿ͘ DƵůƚŝƉůĞ
ƉƌŽƚĞŽůǇƚŝĐƐǇƐƚĞŵƐ͕ŝŶĐůƵĚŝŶŐƚŚĞƉƌŽƚĞĂƐŽŵĞ͕ĐŽŶƚƌŝďƵƚĞƚŽ&dZƉƌŽĐĞƐƐŝŶŐ͘Ğůůϴϯ͕ϭϮϵͲϭϯϱ͘






:ŽŶĞƐ͕W͘D͘ ĂŶĚ'ĞŽƌŐĞ͕͘D͘ ;ϮϬϬϵͿ͘KƉĞŶŝŶŐ ŽĨ ƚŚĞWͲďŽƵŶĚ ĂĐƚŝǀĞ ƐŝƚĞ ŝŶ ƚŚĞ ƚƌĂŶƐƉŽƌƚĞƌ
dWĂƐĞĚŝŵĞƌ͗ĞǀŝĚĞŶĐĞĨŽƌĂĐŽŶƐƚĂŶƚĐŽŶƚĂĐƚ͕ĂůƚĞƌŶĂƚŝŶŐƐŝƚĞƐŵŽĚĞůĨŽƌƚŚĞĐĂƚĂůǇƚŝĐĐǇĐůĞ͘WƌŽƚĞŝŶƐ
ϳϱ͕ϯϴϳͲϯϵϲ͘
:ŽǀŽǀ͕͕͘ /ƐŵĂŝůŽǀ͕/͘/͕͘ ĞƌĚŝĞǀ͕͘<͕͘ &ƵůůĞƌ͕͘D͕͘ ^ŽƌƐĐŚĞƌ͕͘:͕͘ ĞĚŵĂŶ͕:͘Z͕͘ <ĂĞƚǌĞů͕D͘͕͘ ĂŶĚ
ĞŶŽƐ͕͘:͘ ;ϭϵϵϱͿ͘ /ŶƚĞƌĂĐƚŝŽŶ ďĞƚǁĞĞŶ ĐǇƐƚŝĐ ĨŝďƌŽƐŝƐ ƚƌĂŶƐŵĞŵďƌĂŶĞ ĐŽŶĚƵĐƚĂŶĐĞ ƌĞŐƵůĂƚŽƌ ĂŶĚ
ŽƵƚǁĂƌĚůǇƌĞĐƚŝĨŝĞĚĐŚůŽƌŝĚĞĐŚĂŶŶĞůƐ͘:͘ŝŽů͘ŚĞŵ͘ϮϳϬ͕ϮϵϭϵϰͲϮϵϮϬϬ͘
<ĂůƌĂ͕,͕͘^ŝŵƉƐŽŶ͕Z͘:͕͘:ŝ͕,͕͘ŝŬĂǁĂ͕͕͘ůƚĞǀŽŐƚ͕W͕͘ƐŬĞŶĂƐĞ͕W͕͘ŽŶĚ͕s͘͕͘ŽƌƌĂƐ͕&͘͕͘ƌĞĂŬĞĨŝĞůĚ͕y͕͘
ƵĚŶŝŬ͕s͕͘ ƵǌĂƐ͕͕͘ ĂŵƵƐƐŝ͕'͕͘ ůĂǇƚŽŶ͕͕͘ ŽĐƵĐĐŝ͕͕͘ &ĂůĐŽŶͲWĞƌĞǌ͕:͘D͕͘ 'ĂďƌŝĞůƐƐŽŶ͕^͕͘ 'ŚŽ͕z͘^͕͘
'ƵƉƚĂ͕͕͘ ,ĂƌƐŚĂ͕,͘͕͘ ,ĞŶĚƌŝǆ͕͕͘ ,ŝůů͕͘&͕͘ /ŶĂů͕:͘D͕͘ :ĞŶƐƚĞƌ͕'͕͘ <ƌĂŵĞƌͲůďĞƌƐ͕͘D͕͘ >ŝŵ͕^͘<͕͘
>ůŽƌĞŶƚĞ͕͕͘>ŽƚǀĂůů͕:͕͘DĂƌĐŝůůĂ͕͕͘DŝŶĐŚĞǀĂͲEŝůƐƐŽŶ͕>͕͘EĂǌĂƌĞŶŬŽ͕/͕͘EŝĞƵǁůĂŶĚ͕Z͕͘EŽůƚĞͲΖƚ,ŽĞŶ͕͘E͕͘
WĂŶĚĞǇ͕͕͘WĂƚĞů͕d͕͘WŝƉĞƌ͕D͘'͕͘WůƵĐŚŝŶŽ͕^͕͘WƌĂƐĂĚ͕d͘^͕͘ZĂũĞŶĚƌĂŶ͕>͕͘ZĂƉŽƐŽ͕'͕͘ZĞĐŽƌĚ͕D͕͘ZĞŝĚ͕'͘͕͘
^ĂŶĐŚĞǌͲDĂĚƌŝĚ͕&͕͘ ^ĐŚŝĨĨĞůĞƌƐ͕Z͘D͕͘ ^ŝůũĂŶĚĞƌ͕W͕͘ ^ƚĞŶƐďĂůůĞ͕͕͘ ^ƚŽŽƌǀŽŐĞů͕t͕͘ dĂǇůŽƌ͕͕͘ dŚĞƌǇ͕͕͘
sĂůĂĚŝ͕,͕͘ sĂŶ ĂůŬŽŵ͕͘t͕͘ sĂǌƋƵĞǌ͕:͕͘ sŝĚĂů͕D͕͘ tĂƵďĞŶ͕D͘,͕͘ zĂŶĞǌͲDŽ͕D͕͘ ŽĞůůĞƌ͕D͕͘ ĂŶĚ














<ĞƌĞŵ͕͕͘ ZŽŵŵĞŶƐ͕:͘D͕͘ƵĐŚĂŶĂŶ͕:͘͕͘DĂƌŬŝĞǁŝĐǌ͕͕͘ Žǆ͕d͘<͕͘ ŚĂŬƌĂǀĂƌƚŝ͕͕͘ ƵĐŚǁĂůĚ͕D͕͘ ĂŶĚ
dƐƵŝ͕>͘͘;ϭϵϴϵͿ͘/ĚĞŶƚŝĨŝĐĂƚŝŽŶŽĨƚŚĞĐǇƐƚŝĐĨŝďƌŽƐŝƐŐĞŶĞ͗ŐĞŶĞƚŝĐĂŶĂůǇƐŝƐ͘^ĐŝĞŶĐĞϮϰϱ͕ϭϬϳϯͲϭϬϴϬ͘
<ĞƌĞŵ͕͕͘ <ŽŶƐƚĂŶ͕D͘t͕͘ Ğ͕͘<͕͘ ĐĐƵƌƐŽ͕&͘:͕͘ ^ĞƌŵĞƚͲ'ĂƵĚĞůƵƐ͕/͕͘ tŝůƐĐŚĂŶƐŬŝ͕D͕͘ ůďŽƌŶ͕:͘^͕͘
DĞůŽƚƚŝ͕W͕͘ƌŽŶƐǀĞůĚ͕/͕͘ &ĂũĂĐ͕/͕͘DĂůĨƌŽŽƚ͕͕͘ ZŽƐĞŶďůƵƚŚ͕͘͕͘tĂůŬĞƌ͕W͘͕͘DĐŽůůĞǇ͕^͘͕͘ <ŶŽŽƉ͕͕͘
YƵĂƚƚƌƵĐĐŝ͕^͕͘ ZŝĞƚƐĐŚĞů͕͕͘ ĞŝƚůŝŶ͕W͘>͕͘ ĂƌƚŚ͕:͕͘ ůĨƌŝŶŐ͕'͘>͕͘ tĞůĐŚ͕͘D͕͘ ƌĂŶƐƚƌŽŵ͕͕͘ ^ƉŝĞŐĞů͕Z͘:͕͘
WĞůƚǌ͕^͘t͕͘ũĂǇŝ͕d͕͘ ĂŶĚZŽǁĞ͕^͘D͘ ;ϮϬϭϰͿ͘ƚĂůƵƌĞŶ ĨŽƌ ƚŚĞ ƚƌĞĂƚŵĞŶƚŽĨŶŽŶƐĞŶƐĞͲŵƵƚĂƚŝŽŶĐǇƐƚŝĐ
ĨŝďƌŽƐŝƐ͗ĂƌĂŶĚŽŵŝƐĞĚ͕ĚŽƵďůĞͲďůŝŶĚ͕ƉůĂĐĞďŽͲĐŽŶƚƌŽůůĞĚƉŚĂƐĞϯƚƌŝĂů͘>ĂŶĐĞƚZĞƐƉŝƌ͘DĞĚϮ͕ϱϯϵͲϱϰϳ͘
<ĞƐŝŵĞƌ͕D͕͘ ^ĐƵůů͕D͕͘ ƌŝŐŚƚŽŶ͕͕͘ ĞDĂƌŝĂ͕'͕͘ ƵƌŶƐ͕<͕͘ KΖEĞĂů͕t͕͘ WŝĐŬůĞƐ͕Z͘:͕͘ ĂŶĚ ^ŚĞĞŚĂŶ͕:͘<͘
;ϮϬϬϵͿ͘ ŚĂƌĂĐƚĞƌŝǌĂƚŝŽŶ ŽĨ ĞǆŽƐŽŵĞͲůŝŬĞ ǀĞƐŝĐůĞƐ ƌĞůĞĂƐĞĚ ĨƌŽŵ ŚƵŵĂŶ ƚƌĂĐŚĞŽďƌŽŶĐŚŝĂů ĐŝůŝĂƚĞĚ
ĞƉŝƚŚĞůŝƵŵ͗ĂƉŽƐƐŝďůĞƌŽůĞŝŶŝŶŶĂƚĞĚĞĨĞŶƐĞ͘&^:Ϯϯ͕ϭϴϱϴͲϭϴϲϴ͘
<ŝŵ͕^͘:͘ ĂŶĚ ^ŬĂĐŚ͕t͘Z͘ ;ϮϬϭϮͿ͘DĞĐŚĂŶŝƐŵƐ ŽĨ &dZ &ŽůĚŝŶŐ Ăƚ ƚŚĞ ŶĚŽƉůĂƐŵŝĐ ZĞƚŝĐƵůƵŵ͘ &ƌŽŶƚ
WŚĂƌŵĂĐŽůϯ͕ϮϬϭ͘
<ŶŽǁůĞƐ͕D͕͘ 'ĂƚǌǇ͕:͕͘ ĂŶĚ ŽƵĐŚĞƌ͕Z͘ ;ϭϵϴϭͿ͘ /ŶĐƌĞĂƐĞĚ ďŝŽĞůĞĐƚƌŝĐ ƉŽƚĞŶƚŝĂů ĚŝĨĨĞƌĞŶĐĞ ĂĐƌŽƐƐ
ƌĞƐƉŝƌĂƚŽƌǇĞƉŝƚŚĞůŝĂŝŶĐǇƐƚŝĐĨŝďƌŽƐŝƐ͘EŶŐů:DĞĚϯϬϱ͕ϭϰϴϵͲϭϰϵϱ͘
<ŶŽǁůĞƐ͕D͘Z͕͘ ^ƚƵƚƚƐ͕D͘:͕͘ ^ƉŽĐŬ͕͕͘ &ŝƐĐŚĞƌ͕E͕͘ 'ĂƚǌǇ͕:͘d͕͘ ĂŶĚ ŽƵĐŚĞƌ͕Z͘͘ ;ϭϵϴϯͿ͘ ďŶŽƌŵĂů ŝŽŶ
ƉĞƌŵĞĂƚŝŽŶƚŚƌŽƵŐŚĐǇƐƚŝĐĨŝďƌŽƐŝƐƌĞƐƉŝƌĂƚŽƌǇĞƉŝƚŚĞůŝƵŵ͘^ĐŝĞŶĐĞϮϮϭ͕ϭϬϲϳͲϭϬϳϬ͘







>ĂƵůĂŐŶŝĞƌ͕<͕͘ 'ƌĂŶĚ͕͕͘ ƵũĂƌĚŝŶ͕͕͘ ,ĂŵĚŝ͕^͕͘ sŝŶĐĞŶƚͲ^ĐŚŶĞŝĚĞƌ͕,͕͘ >ĂŶŬĂƌ͕͕͘ ^ĂůůĞƐ͕:͘W͕͘
ŽŶŶĞƌŽƚ͕͕͘ WĞƌƌĞƚ͕͕͘ ĂŶĚ ZĞĐŽƌĚ͕D͘ ;ϮϬϬϰͿ͘ W>Ϯ ŝƐ ĞŶƌŝĐŚĞĚ ŽŶ ĞǆŽƐŽŵĞƐ ĂŶĚ ŝƚƐ ĂĐƚŝǀŝƚǇ ŝƐ
ĐŽƌƌĞůĂƚĞĚƚŽƚŚĞƌĞůĞĂƐĞŽĨĞǆŽƐŽŵĞƐ͘&^>Ğƚƚ͘ϱϳϮ͕ϭϭͲϭϰ͘
>Ğ 'Ăůů͕d͕͘ ĞƌĐŚĞů͕D͕͘ >Ğ͕,͘^͕͘ &ƌĂŝǆ͕͕͘ ^ĂůĂƵŶ͕:͘z͕͘ &ĞƌĞĐ͕͕͘ >ĞŚŶ͕W͕͘ :ĂĨĨƌĞƐ͕W͘͕͘ ĂŶĚ DŽŶƚŝĞƌ͕d͘






:ĂƵ͕>͕͘ ^ĂŵƉŽů͕:͕͘ ĂŶĚ ŝŐŶĂƚͲ'ĞŽƌŐĞ͕&͘ ;ϮϬϭϬͿ͘ ŶĚŽƚŚĞůŝĂůͲĚĞƌŝǀĞĚ ŵŝĐƌŽƉĂƌƚŝĐůĞƐ͗ ŝŽůŽŐŝĐĂů
ĐŽŶǀĞǇŽƌƐĂƚ ƚŚĞĐƌŽƐƐƌŽĂĚŽĨ ŝŶĨůĂŵŵĂƚŝŽŶ͕ ƚŚƌŽŵďŽƐŝƐĂŶĚĂŶŐŝŽŐĞŶĞƐŝƐ͘dŚƌŽŵď͘,ĂĞŵŽƐƚ͘ϭϬϰ͕
ϰϱϲͲϰϲϯ͘
>ŝŶƐĚĞůů͕W͕͘ dĂďĐŚĂƌĂŶŝ͕:͘͕͘ ZŽŵŵĞŶƐ͕:͘D͕͘ ,ŽƵ͕z͘y͕͘ ŚĂŶŐ͕y͘͕͘ dƐƵŝ͕>͘͕͘ ZŝŽƌĚĂŶ͕:͘Z͕͘ ĂŶĚ






>ŽŽ͕D͘͕͘ :ĞŶƐĞŶ͕d͘:͕͘ Ƶŝ͕>͕͘ ,ŽƵ͕z͕͘ ŚĂŶŐ͕y͘͕͘ ĂŶĚ ZŝŽƌĚĂŶ͕:͘Z͘ ;ϭϵϵϴͿ͘ WĞƌƚƵƌďĂƚŝŽŶ ŽĨ ,ƐƉϵϬ
ŝŶƚĞƌĂĐƚŝŽŶ ǁŝƚŚ ŶĂƐĐĞŶƚ &dZ ƉƌĞǀĞŶƚƐ ŝƚƐ ŵĂƚƵƌĂƚŝŽŶ ĂŶĚ ĂĐĐĞůĞƌĂƚĞƐ ŝƚƐ ĚĞŐƌĂĚĂƚŝŽŶ ďǇ ƚŚĞ
ƉƌŽƚĞĂƐŽŵĞ͘DK:͘ϭϳ͕ϲϴϳϵͲϲϴϴϳ͘
>ƵŐŝŶŝ͕>͕͘ĞĐĐŚĞƚƚŝ͕^͕͘,ƵďĞƌ͕s͕͘>ƵĐŝĂŶŝ͕&͕͘DĂĐĐŚŝĂ͕'͕͘ ^ƉĂĚĂƌŽ͕&͕͘WĂƌŝƐ͕>͕͘ďĂůƐĂŵŽ͕>͕͘ŽůŽŶĞ͕D͕͘
DŽůŝŶĂƌŝ͕͕͘ WŽĚŽ͕&͕͘ ZŝǀŽůƚŝŶŝ͕>͕͘ ZĂŵŽŶŝ͕͕͘ ĂŶĚ &ĂŝƐ͕^͘ ;ϮϬϭϮͿ͘ /ŵŵƵŶĞ ƐƵƌǀĞŝůůĂŶĐĞ ƉƌŽƉĞƌƚŝĞƐ ŽĨ
ŚƵŵĂŶE<ĐĞůůͲĚĞƌŝǀĞĚĞǆŽƐŽŵĞƐ͘:/ŵŵƵŶŽů͘ϭϴϵ͕ϮϴϯϯͲϮϴϰϮ͘




>ƵŽ͕:͕͘ WĂƚŽ͕D͘͕͘ ZŝŽƌĚĂŶ͕:͘Z͕͘ ĂŶĚ ,ĂŶƌĂŚĂŶ͕:͘t͘ ;ϭϵϵϴͿ͘ ŝĨĨĞƌĞŶƚŝĂů ƌĞŐƵůĂƚŝŽŶ ŽĨ ƐŝŶŐůĞ &dZ
ĐŚĂŶŶĞůƐďǇWWϮ͕WWϮ͕ĂŶĚŽƚŚĞƌƉŚŽƐƉŚĂƚĂƐĞƐ͘ŵ͘:͘WŚǇƐŝŽůϮϳϰ͕ϭϯϵϳͲϭϰϭϬ͘
DĂĚƌǇ͕͕͘ &ŝĚůĞƌ͕͕͘ ^ŽďĐǌǇŶƐŬĂͲdŽŵĂƐǌĞǁƐŬĂ͕͕͘ >ŝƐŽǁƐŬĂ͕͕͘ <ƌǌǇǌĂŶŽǁƐŬĂ͕W͕͘ WŽŐŽƌǌĞůƐŬŝ͕͕͘
DŝŶĂƌŽǁƐŬŝ͕>͕͘ KƌĂůĞǁƐŬĂ͕͕͘ DŽũƐ͕͕͘ ^ĂƉŝĞũŬĂ͕͕͘ DĂƌĐŝŶŝĂŬ͕Z͕͘ ^ĂŶĚƐ͕͕͘ <ŽƌǌŽŶͲƵƌĂŬŽǁƐŬĂ͕͕͘
<ǁŝĞĐŝĞŶ͕:͕͘ ĂŶĚ tĂůŬŽǁŝĂŬ͕:͘ ;ϮϬϭϭͿ͘ DŝůĚ &dZ ŵƵƚĂƚŝŽŶƐ ĂŶĚ ŐĞŶĞƚŝĐ ƉƌĞĚŝƐƉŽƐŝƚŝŽŶ ƚŽ ůĂĐƚĂƐĞ
ƉĞƌƐŝƐƚĞŶĐĞŝŶĐǇƐƚŝĐĨŝďƌŽƐŝƐ͘Ƶƌ͘:,Ƶŵ͘'ĞŶĞƚϭϵ͕ϳϰϴͲϳϱϮ͘
DĂŶŐĞŽƚ͕W͘͕͘ŽůůĞƚ͕^͕͘'ŝƌĂƌĚ͕D͕͘ŝĂŶĐŝĂ͕͕͘ :ŽůǇ͕^͕͘ WĞƐĐŚĂŶƐŬŝ͕D͕͘ ĂŶĚ >ŽƚƚĞĂƵ͕s͘ ;ϮϬϭϭͿ͘ WƌŽƚĞŝŶ
ƚƌĂŶƐĨĞƌŝŶƚŽŚƵŵĂŶĐĞůůƐďǇs^sͲ'ͲŝŶĚƵĐĞĚŶĂŶŽǀĞƐŝĐůĞƐ͘DŽů͘dŚĞƌ͘ϭϵ͕ϭϲϱϲͲϭϲϲϲ͘
DĂŶŶŽ͕^͕͘ dĂŬĂŬƵǁĂ͕z͕͘ ĂŶĚ DŽŚĂŶĚĂƐ͕E͘ ;ϮϬϬϮͿ͘ /ĚĞŶƚŝĨŝĐĂƚŝŽŶ ŽĨ Ă ĨƵŶĐƚŝŽŶĂů ƌŽůĞ ĨŽƌ ůŝƉŝĚ
ĂƐǇŵŵĞƚƌǇ ŝŶ ďŝŽůŽŐŝĐĂů ŵĞŵďƌĂŶĞƐ͗ WŚŽƐƉŚĂƚŝĚǇůƐĞƌŝŶĞͲƐŬĞůĞƚĂů ƉƌŽƚĞŝŶ ŝŶƚĞƌĂĐƚŝŽŶƐ ŵŽĚƵůĂƚĞ
ŵĞŵďƌĂŶĞƐƚĂďŝůŝƚǇ͘WƌŽĐEĂƚůĐĂĚ^Đŝh^ϵϵ͕ϭϵϰϯͲϭϵϰϴ͘




DĂƚŚŝǀĂŶĂŶ͕^͕͘ :ŝ͕,͕͘ ĂŶĚ ^ŝŵƉƐŽŶ͕Z͘:͘ ;ϮϬϭϬͿ͘ ǆŽƐŽŵĞƐ͗ ĞǆƚƌĂĐĞůůƵůĂƌ ŽƌŐĂŶĞůůĞƐ ŝŵƉŽƌƚĂŶƚ ŝŶ
ŝŶƚĞƌĐĞůůƵůĂƌĐŽŵŵƵŶŝĐĂƚŝŽŶ͘:WƌŽƚĞŽŵŝĐƐ͘ϳϯ͕ϭϵϬϳͲϭϵϮϬ͘







DŽŶƚĞĐĂůǀŽ͕͕͘ >ĂƌƌĞŐŝŶĂ͕͘d͕͘ ^ŚƵĨĞƐŬǇ͕t͘:͕͘ ^ƚŽůǌ͕͘͕͘ ^ƵůůŝǀĂŶ͕D͘>͕͘ <ĂƌůƐƐŽŶ͕:͘D͕͘ ĂƚǇ͕͘:͕͘






DŽƌĞůůŝ͕͘͕͘ >ĂƌƌĞŐŝŶĂ͕͘d͕͘ ^ŚƵĨĞƐŬǇ͕t͘:͕͘ ^ƵůůŝǀĂŶ͕D͘>͕͘ ^ƚŽůǌ͕͘͕͘ WĂƉǁŽƌƚŚ͕'͘͕͘ ĂŚŽƌĐŚĂŬ͕͘&͕͘
>ŽŐĂƌ͕͘:͕͘tĂŶŐ͕͕͘tĂƚŬŝŶƐ͕^͘͕͘&ĂůŽ͕>͘͕͘ :ƌ͕͘ĂŶĚdŚŽŵƐŽŶ͕͘t͘;ϮϬϬϰͿ͘ŶĚŽĐǇƚŽƐŝƐ͕ ŝŶƚƌĂĐĞůůƵůĂƌ
ƐŽƌƚŝŶŐ͕ĂŶĚƉƌŽĐĞƐƐŝŶŐŽĨĞǆŽƐŽŵĞƐďǇĚĞŶĚƌŝƚŝĐĐĞůůƐ͘ůŽŽĚϭϬϰ͕ϯϮϱϳͲϯϮϲϲ͘
DŽƌĞůůŽ͕͕͘ ^ĂƵƐƐĞƌĞĂƵ͕͕͘ DĂƵƌĂ͕͕͘ ,ƵĞƌƌĞ͕D͕͘ dŽƵƋƵŝ͕>͕͘ ĂŶĚ ĞďĂƌďŝĞƵǆ͕>͘ ;ϮϬϭϭͿ͘ WƵůŵŽŶĂƌǇ






ĞůĐĂǇƌĞ͕͕͘ ,ƐƵ͕͘,͕͘ >Ğ WĞĐƋ͕:͘͕͘ ĂŶĚ >ǇĞƌůǇ͕,͘<͘ ;ϮϬϬϱͿ͘  ƉŚĂƐĞ / ƐƚƵĚǇ ŽĨ ĚĞǆŽƐŽŵĞ
ŝŵŵƵŶŽƚŚĞƌĂƉǇŝŶƉĂƚŝĞŶƚƐǁŝƚŚĂĚǀĂŶĐĞĚŶŽŶͲƐŵĂůůĐĞůůůƵŶŐĐĂŶĐĞƌ͘:dƌĂŶƐů͘DĞĚϯ͕ϵ͘
DŽƐŬǁĂ͕W͕͘ >ŽƌĞŶƚǌĞŶ͕͕͘ ǆĐŽĨĨŽŶ͕<͘:͕͘ ĂďŶĞƌ͕:͕͘ DĐƌĂǇ͕W͘͕͘ :ƌ͕͘ EĂƵƐĞĞĨ͕t͘D͕͘ ƵƉƵǇ͕͕͘ ĂŶĚ
ĂŶĨŝ͕͘;ϮϬϬϳͿ͘ŶŽǀĞůŚŽƐƚĚĞĨĞŶƐĞƐǇƐƚĞŵŽĨĂŝƌǁĂǇƐŝƐĚĞĨĞĐƚŝǀĞŝŶĐǇƐƚŝĐĨŝďƌŽƐŝƐ͘ŵ͘:͘ZĞƐƉŝƌ͘ƌŝƚ
ĂƌĞDĞĚ͘ϭϳϱ͕ϭϳϰͲϭϴϯ͘
DŽƐƐĞƌ͕:͕͘ ŽƵĂƌ͕͘D͕͘ ^ĂƌĚĞ͕͘K͕͘ <ŝŽƐĐŚŝƐ͕W͕͘ &Ğŝů͕Z͕͘ DŽƐĞƌ͕,͕͘ WŽƵƐƚŬĂ͕͘D͕͘ DĂŶĚĞů͕:͘>͕͘ ĂŶĚ
ƵďŽƵƌŐ͕W͘;ϭϵϵϯͿ͘WƵƚĂƚŝǀĞyͲůŝŶŬĞĚĂĚƌĞŶŽůĞƵŬŽĚǇƐƚƌŽƉŚǇŐĞŶĞƐŚĂƌĞƐƵŶĞǆƉĞĐƚĞĚŚŽŵŽůŽŐǇǁŝƚŚ
ƚƌĂŶƐƉŽƌƚĞƌƐ͘EĂƚƵƌĞϯϲϭ͕ϳϮϲͲϳϯϬ͘
DŽǇĞƌ͕͘͕͘ ƵŚĂŝŵĞ͕D͕͘ ^ŚĂǁ͕͕͘ ĞŶƚŽŶ͕:͕͘ ZĞǇŶŽůĚƐ͕͕͘ <ĂƌůƐŽŶ͕<͘,͕͘ WĨĞŝĨĨĞƌ͕:͕͘ tĂŶŐ͕^͕͘















KĚŽůĐǌǇŬ͕E͕͘ &ƌŝƚƐĐŚ͕:͕͘ EŽƌĞǌ͕͕͘ ^ĞƌǀĞů͕E͕͘ ĚĂ ƵŶŚĂ͕D͘&͕͘ ŝƚĂŵ͕^͕͘ <ƵƉŶŝĞǁƐŬĂ͕͕͘tŝƐǌŶŝĞǁƐŬŝ͕>͕͘
ŽůĂƐ͕:͕͘ dĂƌŶŽǁƐŬŝ͕<͕͘ dŽŶĚĞůŝĞƌ͕͕͘ ZŽůĚĂŶ͕͕͘ ^ĂƵƐƐĞƌĞĂƵ͕͘>͕͘ DĞůŝŶͲ,ĞƐĐŚĞů͕W͕͘ tŝĞĐǌŽƌĞŬ͕'͕͘
>ƵŬĂĐƐ͕'͘>͕͘ĂĚůĞǌ͕D͕͘ &ĂƵƌĞ͕'͕͘,ĞƌƌŵĂŶŶ͕,͕͘KůůĞƌŽ͕D͕͘ĞĐƋ͕&͕͘ ŝĞůĞŶŬŝĞǁŝĐǌ͕W͕͘ ĂŶĚĚĞůŵĂŶ͕͘





KƐƚƌŽǁƐŬŝ͕D͕͘ ĂƌŵŽ͕E͘͕͘ <ƌƵŵĞŝĐŚ͕^͕͘ &ĂŶŐĞƚ͕/͕͘ ZĂƉŽƐŽ͕'͕͘ ^ĂǀŝŶĂ͕͕͘ DŽŝƚĂ͕͘&͕͘ ^ĐŚĂƵĞƌ͕<͕͘
,ƵŵĞ͕͘E͕͘ &ƌĞŝƚĂƐ͕Z͘W͕͘ 'ŽƵĚ͕͕͘ ĞŶĂƌŽĐŚ͕W͕͘ ,ĂĐŽŚĞŶ͕E͕͘ &ƵŬƵĚĂ͕D͕͘ ĞƐŶŽƐ͕͕͘ ^ĞĂďƌĂ͕D͘͕͘
ĂƌĐŚĞŶ͕&͕͘ŵŝŐŽƌĞŶĂ͕^͕͘DŽŝƚĂ͕>͘&͕͘ĂŶĚdŚĞƌǇ͕͘;ϮϬϭϬͿ͘ZĂďϮϳĂĂŶĚZĂďϮϳďĐŽŶƚƌŽůĚŝĨĨĞƌĞŶƚƐƚĞƉƐ
ŽĨƚŚĞĞǆŽƐŽŵĞƐĞĐƌĞƚŝŽŶƉĂƚŚǁĂǇ͘EĂƚ͘ĞůůŝŽů͘ϭϮ͕ϭϵͲϯϬ͘
WĂŶ͕͘d͘ ĂŶĚ :ŽŚŶƐƚŽŶĞ͕Z͘D͘ ;ϭϵϴϯͿ͘ &ĂƚĞ ŽĨ ƚŚĞ ƚƌĂŶƐĨĞƌƌŝŶ ƌĞĐĞƉƚŽƌ ĚƵƌŝŶŐ ŵĂƚƵƌĂƚŝŽŶ ŽĨ ƐŚĞĞƉ
ƌĞƚŝĐƵůŽĐǇƚĞƐŝŶǀŝƚƌŽ͗ƐĞůĞĐƚŝǀĞĞǆƚĞƌŶĂůŝǌĂƚŝŽŶŽĨƚŚĞƌĞĐĞƉƚŽƌ͘Ğůůϯϯ͕ϵϲϳͲϵϳϴ͘
WĞƌƌŝĐŽŶĞ͕D͘͕͘ DŽƌƌŝƐ͕:͘͕͘ WĂǀĞůŬĂ͕<͕͘ WůŽŐ͕D͘^͕͘ KΖ^ƵůůŝǀĂŶ͕͘W͕͘ :ŽƐĞƉŚ͕W͘D͕͘ ŽƌŬŝŶ͕,͕͘ >ĂƉĞǇ͕͕͘









Wŝƚƚ͕:͘D͕͘ ŚĂƌƌŝĞƌ͕D͕͘ sŝĂƵĚ͕^͕͘ ŶĚƌĞ͕&͕͘ ĞƐƐĞ͕͕͘ ŚĂƉƵƚ͕E͕͘ ĂŶĚ ŝƚǀŽŐĞů͕>͘ ;ϮϬϭϰͿ͘ĞŶĚƌŝƚŝĐ ĐĞůůͲ
ĚĞƌŝǀĞĚĞǆŽƐŽŵĞƐĂƐŝŵŵƵŶŽƚŚĞƌĂƉŝĞƐŝŶƚŚĞĨŝŐŚƚĂŐĂŝŶƐƚĐĂŶĐĞƌ͘:/ŵŵƵŶŽů͘ϭϵϯ͕ϭϬϬϲͲϭϬϭϭ͘
WŽŽůŵĂŶ͕͘D͘ ĂŶĚ'ĂůǀĂŶŝ͕͘W͘ ;ϮϬϬϳͿ͘ ǀĂůƵĂƚŝŶŐ ĐĂŶĚŝĚĂƚĞ ĂŐĞŶƚƐŽĨ ƐĞůĞĐƚŝǀĞ ƉƌĞƐƐƵƌĞ ĨŽƌ ĐǇƐƚŝĐ
ĨŝďƌŽƐŝƐ͘:Z͘^ŽĐ͘/ŶƚĞƌĨĂĐĞϰ͕ϵϭͲϵϴ͘
WƌŝĐŬĞƚƚ͕D͘ĂŶĚ:ĂŝŶ͕D͘;ϮϬϭϯͿ͘'ĞŶĞƚŚĞƌĂƉǇŝŶĐǇƐƚŝĐĨŝďƌŽƐŝƐ͘dƌĂŶƐů͘ZĞƐ͘ϭϲϭ͕ϮϱϱͲϮϲϰ͘
WƌŝŶĐĞ͕>͘^͕͘ tŽƌŬŵĂŶ͕Z͘͕͘ :ƌ͕͘ ĂŶĚ DĂƌĐŚĂƐĞ͕Z͘͘ ;ϭϵϵϰͿ͘ ZĂƉŝĚ ĞŶĚŽĐǇƚŽƐŝƐ ŽĨ ƚŚĞ ĐǇƐƚŝĐ ĨŝďƌŽƐŝƐ
ƚƌĂŶƐŵĞŵďƌĂŶĞĐŽŶĚƵĐƚĂŶĐĞƌĞŐƵůĂƚŽƌĐŚůŽƌŝĚĞĐŚĂŶŶĞů͘WƌŽĐEĂƚůĐĂĚ^Đŝh^ϵϭ͕ϱϭϵϮͲϱϭϵϲ͘
WƌŽĐŬŽ͕͕͘KΖDĂƌĂ͕D͘>͕͘ĞŶŶĞƚƚ͕t͘&͕͘dŝĞůĞŵĂŶ͕͘W͕͘ĂŶĚ'ĂƵĚĞƚ͕Z͘ ;ϮϬϬϵͿ͘dŚĞŵĞĐŚĂŶŝƐŵŽĨ







ZĂŚŵĂŶ͕<͘^͕͘ Ƶŝ͕'͕͘ ,ĂƌǀĞǇ͕^͘͕͘ ĂŶĚ DĐĂƌƚǇ͕E͘͘ ;ϮϬϭϯͿ͘ DŽĚĞůŝŶŐ ƚŚĞ ĐŽŶĨŽƌŵĂƚŝŽŶĂů ĐŚĂŶŐĞƐ
ƵŶĚĞƌůǇŝŶŐĐŚĂŶŶĞůŽƉĞŶŝŶŐŝŶ&dZ͘W>Ž^͘KŶĞ͘ϴ͕Ğϳϰϱϳϰ͘
ZĂŝďŽƌŐ͕͘ ĂŶĚ ^ƚĞŶŵĂƌŬ͕,͘ ;ϮϬϬϵͿ͘ dŚĞ ^Zd ŵĂĐŚŝŶĞƌǇ ŝŶ ĞŶĚŽƐŽŵĂů ƐŽƌƚŝŶŐ ŽĨ ƵďŝƋƵŝƚǇůĂƚĞĚ
ŵĞŵďƌĂŶĞƉƌŽƚĞŝŶƐ͘EĂƚƵƌĞϰϱϴ͕ϰϰϱͲϰϱϮ͘
ZĂŵƐĞǇ͕͘t͕͘ ĂǀŝĞƐ͕:͕͘ DĐůǀĂŶĞǇ͕E͘'͕͘ dƵůůŝƐ͕͕͘ Ğůů͕^͘͕͘ ƌĞǀŝŶĞŬ͕W͕͘ 'ƌŝĞƐĞ͕D͕͘ DĐ<ŽŶĞ͕͘&͕͘




ZŽĚƌŝŐƵĞǌ͕^͕͘ zĞŶ͕<͕͘ KƌĚŽŶĞǌ͕͕͘ ĂŶĚ ůďŽƌŶ͕:͘^͘ ;ϮϬϭϭͿ͘  &dZ ƉŽƚĞŶƚŝĂƚŽƌ ŝŶ ƉĂƚŝĞŶƚƐǁŝƚŚ ĐǇƐƚŝĐ
ĨŝďƌŽƐŝƐĂŶĚƚŚĞ'ϱϱϭŵƵƚĂƚŝŽŶ͘EŶŐů:DĞĚϯϲϱ͕ϭϲϲϯͲϭϲϳϮ͘







ZĞĚĚǇ͕D͘D͕͘ >ŝŐŚƚ͕D͘:͕͘ ĂŶĚ YƵŝŶƚŽŶ͕W͘D͘ ;ϭϵϵϵͿ͘ ĐƚŝǀĂƚŝŽŶ ŽĨ ƚŚĞ ĞƉŝƚŚĞůŝĂů EĂн ĐŚĂŶŶĞů ;EĂͿ
ƌĞƋƵŝƌĞƐ&dZůͲĐŚĂŶŶĞůĨƵŶĐƚŝŽŶ͘EĂƚƵƌĞϰϬϮ͕ϯϬϭͲϯϬϰ͘
ZĞĞǀĞƐ͕͘W͕͘ DŽůůŽǇ͕<͕͘ WŽŚů͕<͕͘ ĂŶĚ DĐůǀĂŶĞǇ͕E͘'͘ ;ϮϬϭϮͿ͘ ,ǇƉĞƌƚŽŶŝĐ ƐĂůŝŶĞ ŝŶ ƚƌĞĂƚŵĞŶƚ ŽĨ
ƉƵůŵŽŶĂƌǇĚŝƐĞĂƐĞŝŶĐǇƐƚŝĐĨŝďƌŽƐŝƐ͘^ĐŝĞŶƚŝĨŝĐtŽƌůĚ:ŽƵƌŶĂů͘ϮϬϭϮ͕ϰϲϱϮϯϬ͘
ZĞŶ͕,͘z͕͘'ƌŽǀĞ͕͘͕͘Ğ>ĂZŽƐĂ͕K͕͘,ŽƵĐŬ͕^͘͕͘^ŽƉŚĂ͕W͕͘sĂŶ͕'͘&͕͘,ŽĨĨŵĂŶ͕͘:͕͘ĂŶĚǇƌ͕͘D͘;ϮϬϭϯͿ͘
syͲϴϬϵ ĐŽƌƌĞĐƚƐ ĨŽůĚŝŶŐ ĚĞĨĞĐƚƐ ŝŶ ĐǇƐƚŝĐ ĨŝďƌŽƐŝƐ ƚƌĂŶƐŵĞŵďƌĂŶĞ ĐŽŶĚƵĐƚĂŶĐĞ ƌĞŐƵůĂƚŽƌ ƉƌŽƚĞŝŶ
ƚŚƌŽƵŐŚĂĐƚŝŽŶŽŶŵĞŵďƌĂŶĞͲƐƉĂŶŶŝŶŐĚŽŵĂŝŶϭ͘DŽů͘ŝŽů͘ĞůůϮϰ͕ϯϬϭϲͲϯϬϮϰ͘






ZŽŵŵĞŶƐ͕:͘D͕͘ /ĂŶŶƵǌǌŝ͕D͘͕͘ <ĞƌĞŵ͕͕͘ ƌƵŵŵ͕D͘>͕͘ DĞůŵĞƌ͕'͕͘ ĞĂŶ͕D͕͘ ZŽǌŵĂŚĞů͕Z͕͘ ŽůĞ͕:͘>͕͘
<ĞŶŶĞĚǇ͕͕͘,ŝĚĂŬĂ͕E͕͘ĂŶĚ͘ ;ϭϵϴϵͿ͘/ĚĞŶƚŝĨŝĐĂƚŝŽŶŽĨƚŚĞĐǇƐƚŝĐĨŝďƌŽƐŝƐŐĞŶĞ͗ĐŚƌŽŵŽƐŽŵĞǁĂůŬŝŶŐĂŶĚ
ũƵŵƉŝŶŐ͘^ĐŝĞŶĐĞϮϰϱ͕ϭϬϱϵͲϭϬϲϱ͘
ZŽƵĐŽƵƌƚ͕͕͘ DĞĞƵƐƐĞŶ͕^͕͘ ĂŽ͕:͕͘ ŝŵŵĞƌŵĂŶŶ͕W͕͘ ĂŶĚ ĂǀŝĚ͕'͘ ;ϮϬϭϱͿ͘ ,ĞƉĂƌĂŶĂƐĞ ĂĐƚŝǀĂƚĞƐ ƚŚĞ
ƐǇŶĚĞĐĂŶͲƐǇŶƚĞŶŝŶͲ>/yĞǆŽƐŽŵĞƉĂƚŚǁĂǇ͘ĞůůZĞƐ͘Ϯϱ͕ϰϭϮͲϰϮϴ͘
ZƵŝǌ͕&͘͕͘ ůĂŶĐǇ͕:͘W͕͘ WĞƌƌŝĐŽŶĞ͕D͘͕͘ ĞďŽŬ͕͕͘ ,ŽŶŐ͕:͘^͕͘ ŚĞŶŐ͕^͘,͕͘ DĞĞŬĞƌ͕͘W͕͘ zŽƵŶŐ͕<͘Z͕͘
^ĐŚŽƵŵĂĐŚĞƌ͕Z͘͕͘ tĞĂƚŚĞƌůǇ͕D͘Z͕͘ tŝŶŐ͕>͕͘ DŽƌƌŝƐ͕:͘͕͘ ^ŝŶĚĞů͕>͕͘ ZŽƐĞŶďĞƌŐ͕D͕͘ ǀĂŶ 'ŝŶŬĞů͕&͘t͕͘
DĐ'ŚĞĞ͕:͘Z͕͘ <ĞůůǇ͕͕͘ >ǇƌĞŶĞ͕Z͘<͕͘ ĂŶĚ ^ŽƌƐĐŚĞƌ͕͘:͘ ;ϮϬϬϭͿ͘  ĐůŝŶŝĐĂů ŝŶĨůĂŵŵĂƚŽƌǇ ƐǇŶĚƌŽŵĞ
ĂƚƚƌŝďƵƚĂďůĞƚŽĂĞƌŽƐŽůŝǌĞĚůŝƉŝĚͲEĂĚŵŝŶŝƐƚƌĂƚŝŽŶŝŶĐǇƐƚŝĐĨŝďƌŽƐŝƐ͘,Ƶŵ͘'ĞŶĞdŚĞƌ͘ϭϮ͕ϳϱϭͲϳϲϭ͘
ZƵƐƐĞůů͕t͘͘;ϮϬϬϬͿ͘hƉĚĂƚĞŽŶĂĚĞŶŽǀŝƌƵƐĂŶĚŝƚƐǀĞĐƚŽƌƐ͘:'ĞŶ͘sŝƌŽů͘ϴϭ͕ϮϱϳϯͲϮϲϬϰ͘
^ĐĂŶƵ͕͕͘ DŽůŶĂƌĨŝ͕E͕͘ ƌĂŶĚƚ͕<͘:͕͘ 'ƌƵĂǌ͕>͕͘ ĂǇĞƌ͕:͘D͕͘ ĂŶĚ ƵƌŐĞƌ͕͘ ;ϮϬϬϴͿ͘ ^ƚŝŵƵůĂƚĞĚ d ĐĞůůƐ
ŐĞŶĞƌĂƚĞŵŝĐƌŽƉĂƌƚŝĐůĞƐ͕ǁŚŝĐŚŵŝŵŝĐ ĐĞůůƵůĂƌ ĐŽŶƚĂĐƚ ĂĐƚŝǀĂƚŝŽŶ ŽĨ ŚƵŵĂŶŵŽŶŽĐǇƚĞƐ͗ ĚŝĨĨĞƌĞŶƚŝĂů
ƌĞŐƵůĂƚŝŽŶŽĨƉƌŽͲĂŶĚĂŶƚŝͲŝŶĨůĂŵŵĂƚŽƌǇĐǇƚŽŬŝŶĞƉƌŽĚƵĐƚŝŽŶďǇŚŝŐŚͲĚĞŶƐŝƚǇůŝƉŽƉƌŽƚĞŝŶƐ͘:>ĞƵŬŽĐ͘
ŝŽů͘ϴϯ͕ϵϮϭͲϵϮϳ͘







^ĞƌŵĞƚͲ'ĂƵĚĞůƵƐ͕/͕͘ ZĞŶŽƵŝů͕D͕͘ &ĂũĂĐ͕͕͘ ŝĚŽƵ͕>͕͘ WĂƌďĂŝůůĞ͕͕͘ WŝĞƌƌŽƚ͕^͕͘ ĂǀǇ͕E͕͘ ŝƐŵƵƚŚ͕͕͘
ZĞŝŶĞƌƚ͕W͕͘>ĞŶŽŝƌ͕'͕͘>ĞƐƵƌĞ͕:͘&͕͘ZŽƵƐƐĞƚ͕:͘W͕͘ĂŶĚĚĞůŵĂŶ͕͘;ϮϬϬϳͿ͘/ŶǀŝƚƌŽƉƌĞĚŝĐƚŝŽŶŽĨƐƚŽƉͲĐŽĚŽŶ
ƐƵƉƉƌĞƐƐŝŽŶďǇŝŶƚƌĂǀĞŶŽƵƐŐĞŶƚĂŵŝĐŝŶŝŶƉĂƚŝĞŶƚƐǁŝƚŚĐǇƐƚŝĐĨŝďƌŽƐŝƐ͗ĂƉŝůŽƚƐƚƵĚǇ͘D͘DĞĚϱ͕ϱ͘
^ĞƌŽŚŝũŽƐ͕͘t͘Z͕͘ ,ĞŐĞĚнͯƐ͕d͕͘ ůĞŬƐĂŶĚƌŽǀ͕͘͕͘ ,Ğ͕>͕͘ Ƶŝ͕>͕͘ ŽŬŚŽůǇĂŶ͕E͘s͕͘ ĂŶĚ ZŝŽƌĚĂŶ͕:͘Z͘
;ϮϬϬϴͿ͘ WŚĞŶǇůĂůĂŶŝŶĞͲϱϬϴ ŵĞĚŝĂƚĞƐ Ă ĐǇƚŽƉůĂƐŵŝĐΓƀŵĞŵďƌĂŶĞ ĚŽŵĂŝŶ ĐŽŶƚĂĐƚ ŝŶ ƚŚĞ &dZ ϯ
ƐƚƌƵĐƚƵƌĞĐƌƵĐŝĂůƚŽĂƐƐĞŵďůǇĂŶĚĐŚĂŶŶĞůĨƵŶĐƚŝŽŶ͘WƌŽĐEĂƚůĐĂĚ^Đŝh^ϭϬϱ͕ϯϮϱϲͲϯϮϲϭ͘
^ŚĂŶŐ͕:͘ ĂŶĚ 'ĂŽ͕y͘ ;ϮϬϭϰͿ͘ EĂŶŽƉĂƌƚŝĐůĞ ĐŽƵŶƚŝŶŐ͗ ƚŽǁĂƌĚƐ ĂĐĐƵƌĂƚĞ ĚĞƚĞƌŵŝŶĂƚŝŽŶ ŽĨ ƚŚĞ ŵŽůĂƌ
ĐŽŶĐĞŶƚƌĂƚŝŽŶ͘ŚĞŵ͘^ŽĐ͘ZĞǀ͘ϰϯ͕ϳϮϲϳͲϳϮϳϴ͘








^ŝŵŽŶ͕ D͘ WŝŶĞĂƵ ^͘ ĂŝůůŽŶ :͘ ƵĨŽƵƌ ͘ ĂǌŝƌĞ ͘ ĨĨĞĐƚ ŽĨ ĂŶ ĂŶƚŝďŝŽĨŝůŵ ĞǆƚƌĂĐƚ ŽĨ ƚŚĞ ĐƵůƚƵƌĞ
ƐƵƉĞƌŶĂƚĂŶƚŽĨWƐĞƵĚŽĂůƚĞƌŽŵŽŶĂƐϯ:ϲ͘ϳƚŚƵƌŽƉĞĂŶ&zŽƵŶŐ/ŶǀĞƐƚŝŐĂƚŽƌDĞĞƚŝŶŐ͘ϮϬϭϮ͘
ZĞĨdǇƉĞ͗ŽŶĨĞƌĞŶĐĞWƌŽĐĞĞĚŝŶŐ





^ŵŝƚŚ͕W͘͕͘ <ĂƌƉŽǁŝĐŚ͕E͕͘ DŝůůĞŶ͕>͕͘ DŽŽĚǇ͕:͘͕͘ ZŽƐĞŶ͕:͕͘ dŚŽŵĂƐ͕W͘:͕͘ ĂŶĚ ,ƵŶƚ͕:͘&͘ ;ϮϬϬϮͿ͘ dW
ďŝŶĚŝŶŐ ƚŽ ƚŚĞŵŽƚŽƌ ĚŽŵĂŝŶ ĨƌŽŵ ĂŶ  ƚƌĂŶƐƉŽƌƚĞƌ ĚƌŝǀĞƐ ĨŽƌŵĂƚŝŽŶ ŽĨ Ă ŶƵĐůĞŽƚŝĚĞ ƐĂŶĚǁŝĐŚ
ĚŝŵĞƌ͘DŽů͘ĞůůϭϬ͕ϭϯϵͲϭϰϵ͘
^ƚĞŝŶĨĞůƐ͕͕͘KƌĞůůĞ͕͕͘&ĂŶƚŝŶŽ͕:͘Z͕͘ĂůŵĂƐ͕K͕͘ZŝŐĂƵĚ͕:͘>͕͘ĞŶŝǌŽƚ͕&͕͘ŝWŝĞƚƌŽ͕͕͘ĂŶĚ:ĂƵůƚ͕:͘D͘;ϮϬϬϰͿ͘
ŚĂƌĂĐƚĞƌŝǌĂƚŝŽŶ ŽĨ zǀĐ ;ŵƌͿ͕ Ă ŵƵůƚŝĚƌƵŐ  ƚƌĂŶƐƉŽƌƚĞƌ ĐŽŶƐƚŝƚƵƚŝǀĞůǇ ĞǆƉƌĞƐƐĞĚ ŝŶ ĂĐŝůůƵƐ
ƐƵďƚŝůŝƐ͘ŝŽĐŚĞŵŝƐƚƌǇϰϯ͕ϳϰϵϭͲϳϱϬϮ͘













ƌǇĂŶ͕:͘ ;ϭϵϵϱͿ͘DƵƚĂƚŝŽŶƐ ŝŶ ƚŚĞƐƵůĨŽŶǇůƵƌĞĂƌĞĐĞƉƚŽƌŐĞŶĞ ŝŶ ĨĂŵŝůŝĂůƉĞƌƐŝƐƚĞŶƚŚǇƉĞƌŝŶƐƵůŝŶĞŵŝĐ
ŚǇƉŽŐůǇĐĞŵŝĂŽĨŝŶĨĂŶĐǇ͘^ĐŝĞŶĐĞϮϲϴ͕ϰϮϲͲϰϮϵ͘
dƌĂũŬŽǀŝĐ͕<͕͘ ,ƐƵ͕͕͘ ŚŝĂŶƚŝĂ͕^͕͘ ZĂũĞŶĚƌĂŶ͕>͕͘ tĞŶǌĞů͕͕͘ tŝĞůĂŶĚ͕&͕͘ ^ĐŚǁŝůůĞ͕W͕͘ ƌƵŐŐĞƌ͕͕͘ ĂŶĚ







dƵƌƚƵƌŝĐŝ͕'͕͘ dŝŶŶŝƌĞůůŽ͕Z͕͘ ^ĐŽŶǌŽ͕'͕͘ ĂŶĚ 'ĞƌĂĐŝ͕&͘ ;ϮϬϭϰͿ͘ ǆƚƌĂĐĞůůƵůĂƌ ŵĞŵďƌĂŶĞ ǀĞƐŝĐůĞƐ ĂƐ Ă
ŵĞĐŚĂŶŝƐŵŽĨĐĞůůͲƚŽͲĐĞůůĐŽŵŵƵŶŝĐĂƚŝŽŶ͗ĂĚǀĂŶƚĂŐĞƐĂŶĚĚŝƐĂĚǀĂŶƚĂŐĞƐ͘ŵ͘:WŚǇƐŝŽůĞůůWŚǇƐŝŽů
ϯϬϲ͕ϲϮϭͲϲϯϯ͘
sĂůĚĂŵĞƌŝ͕'͕͘ WĞƌĞŝƌĂ͕Z͘>͕͘ ^ƉĂƚĂĨŽƌĂ͕͕͘ 'ƵŝƚƚŽŶ͕:͕͘ 'ĂƵƚŚŝĞƌ͕͕͘ ƌŶĂƵĚ͕K͕͘ &ĞƌƌĞŝƌĂͲWĞƌĞŝƌĂ͕͕͘
&ĂůƐŽŶ͕W͕͘tŝŶŶŝƐĐŚŽĨĞƌ͕^͘D͕͘ ZŽĐŚĂ͕D͘͕͘ dƌŝŶŐĂůŝ͕͕͘ ĂŶĚŝ WŝĞƚƌŽ͕͘ ;ϮϬϭϮͿ͘DĞƚŚŽǆǇ ƐƚŝůďĞŶĞƐ ĂƐ
ƉŽƚĞŶƚ͕ƐƉĞĐŝĨŝĐ͕ƵŶƚƌĂŶƐƉŽƌƚĞĚ͕ĂŶĚŶŽŶĐǇƚŽƚŽǆŝĐŝŶŚŝďŝƚŽƌƐŽĨďƌĞĂƐƚĐĂŶĐĞƌƌĞƐŝƐƚĂŶĐĞƉƌŽƚĞŝŶ͘^
ŚĞŵ͘ŝŽů͘ϳ͕ϯϮϮͲϯϯϬ͘
sĂƌŐĂ͕<͕͘ :ƵƌŬƵǀĞŶĂŝƚĞ͕͕͘tĂŬĞĨŝĞůĚ͕:͕͘ ,ŽŶŐ͕:͘^͕͘'ƵŝŵďĞůůŽƚ͕:͘^͕͘ sĞŶŐůĂƌŝŬ͕͘:͕͘EŝƌĂũ͕͕͘DĂǌƵƌ͕D͕͘
^ŽƌƐĐŚĞƌ͕͘:͕͘ŽůůĂǁŶ͕:͘&͕͘ĂŶĚĞďŽŬ͕͘ ;ϮϬϬϰͿ͘ĨĨŝĐŝĞŶƚ ŝŶƚƌĂĐĞůůƵůĂƌƉƌŽĐĞƐƐŝŶŐŽĨ ƚŚĞĞŶĚŽŐĞŶŽƵƐ
ĐǇƐƚŝĐĨŝďƌŽƐŝƐƚƌĂŶƐŵĞŵďƌĂŶĞĐŽŶĚƵĐƚĂŶĐĞƌĞŐƵůĂƚŽƌŝŶĞƉŝƚŚĞůŝĂůĐĞůůůŝŶĞƐ͘:ŝŽů͘ŚĞŵ͘Ϯϳϵ͕ϮϮϱϳϴͲ
ϮϮϱϴϰ͘
sĞƌŐĂŶŝ͕W͕͘ >ŽĐŬůĞƐƐ͕^͘t͕͘EĂŝƌŶ͕͘͕͘ ĂŶĚ'ĂĚƐďǇ͕͘͘ ;ϮϬϬϱͿ͘ &dZ ĐŚĂŶŶĞůŽƉĞŶŝŶŐďǇdWͲĚƌŝǀĞŶ
ƚŝŐŚƚĚŝŵĞƌŝǌĂƚŝŽŶŽĨŝƚƐŶƵĐůĞŽƚŝĚĞͲďŝŶĚŝŶŐĚŽŵĂŝŶƐ͘EĂƚƵƌĞϰϯϯ͕ϴϳϲͲϴϴϬ͘
sŝůĞƚƚĞ͕͕͘ >ĂƵůĂŐŶŝĞƌ͕<͕͘ ,ƵŽƌ͕͕͘ ůĂŝƐ͕^͕͘ ^ŝŵŽĞƐ͕^͕͘ DĂƌǇƐĞ͕Z͕͘ WƌŽǀĂŶƐĂů͕D͕͘ >ĞŚŵĂŶŶ͕^͕͘
ŶĚƌĞŽůĞƚƚŝ͕K͕͘^ĐŚĂĞĨĨĞƌ͕>͕͘ZĂƉŽƐŽ͕'͕͘ĂŶĚ>ĞďůĂŶĐ͕W͘;ϮϬϭϱͿ͘ĨĨŝĐŝĞŶƚŝŶŚŝďŝƚŝŽŶŽĨŝŶĨĞĐƚŝŽƵƐƉƌŝŽŶƐ
ŵƵůƚŝƉůŝĐĂƚŝŽŶĂŶĚƌĞůĞĂƐĞďǇƚĂƌŐĞƚŝŶŐƚŚĞĞǆŽƐŽŵĂůƉĂƚŚǁĂǇ͘ĞůůDŽů͘>ŝĨĞ^Đŝ͘
sŝůůĂƌƌŽǇĂͲĞůƚƌŝ͕͕͘ 'ƵƚŝĞƌƌĞǌͲsĂǌƋƵĞǌ͕͕͘ ^ĂŶĐŚĞǌͲĂďŽ͕&͕͘ WĞƌĞǌͲ,ĞƌŶĂŶĚĞǌ͕͕͘ sĂǌƋƵĞǌ͕:͕͘ DĂƌƚŝŶͲ
ŽĨƌĞĐĞƐ͕E͕͘ DĂƌƚŝŶĞǌͲ,ĞƌƌĞƌĂ͕͘:͕͘ WĂƐĐƵĂůͲDŽŶƚĂŶŽ͕͕͘ DŝƚƚĞůďƌƵŶŶ͕D͕͘ ĂŶĚ ^ĂŶĐŚĞǌͲDĂĚƌŝĚ͕&͘
;ϮϬϭϯͿ͘ ^ƵŵŽǇůĂƚĞĚ ŚŶZEWϮϭ ĐŽŶƚƌŽůƐ ƚŚĞ ƐŽƌƚŝŶŐ ŽĨŵŝZEƐ ŝŶƚŽ ĞǆŽƐŽŵĞƐ ƚŚƌŽƵŐŚďŝŶĚŝŶŐ ƚŽ
ƐƉĞĐŝĨŝĐŵŽƚŝĨƐ͘EĂƚ͘ŽŵŵƵŶ͘ϰ͕ϮϵϴϬ͘
tĂŝŶǁƌŝŐŚƚ͕͘͕͘ ůďŽƌŶ͕:͘^͕͘ ZĂŵƐĞǇ͕͘t͕͘ DĂƌŝŐŽǁĚĂ͕'͕͘ ,ƵĂŶŐ͕y͕͘ ŝƉŽůůŝ͕D͕͘ ŽůŽŵďŽ͕͕͘
ĂǀŝĞƐ͕:͘͕͘ Ğ͕͘<͕͘ &ůƵŵĞ͕W͘͕͘ <ŽŶƐƚĂŶ͕D͘t͕͘ DĐŽůůĞǇ͕^͘͕͘ DĐŽǇ͕<͕͘ DĐ<ŽŶĞ͕͘&͕͘ DƵŶĐŬ͕͕͘









tĞůĐŚ͕͘D͕͘ ĂƌƚŽŶ͕͘Z͕͘ ŚƵŽ͕:͕͘ dŽŵŝǌĂǁĂ͕z͕͘ &ƌŝĞƐĞŶ͕t͘:͕͘ dƌŝĨŝůůŝƐ͕W͕͘ WĂƵƐŚŬŝŶ͕^͕͘ WĂƚĞů͕D͕͘
dƌŽƚƚĂ͕͘Z͕͘,ǁĂŶŐ͕^͕͘tŝůĚĞ͕Z͘'͕͘<ĂƌƉ͕'͕͘dĂŬĂƐƵŐŝ͕:͕͘ŚĞŶ͕'͕͘:ŽŶĞƐ͕^͕͘ZĞŶ͕,͕͘DŽŽŶ͕z͘͕͘ŽƌƐŽŶ͕͕͘
dƵƌƉŽĨĨ͕͘͕͘ ĂŵƉďĞůů͕:͘͕͘ ŽŶŶ͕D͘D͕͘ <ŚĂŶ͕͕͘ ůŵƐƚĞĂĚ͕E͘'͕͘ ,ĞĚƌŝĐŬ͕:͕͘ DŽůůŝŶ͕͕͘ ZŝƐŚĞƌ͕E͕͘









zĂŶŐ͕z͕͘ :ĂŶŝĐŚ͕^͕͘ ŽŚŶ͕:͘͕͘ ĂŶĚ tŝůƐŽŶ͕:͘D͘ ;ϭϵϵϯͿ͘ dŚĞ ĐŽŵŵŽŶ ǀĂƌŝĂŶƚ ŽĨ ĐǇƐƚŝĐ ĨŝďƌŽƐŝƐ
ƚƌĂŶƐŵĞŵďƌĂŶĞ ĐŽŶĚƵĐƚĂŶĐĞ ƌĞŐƵůĂƚŽƌ ŝƐ ƌĞĐŽŐŶŝǌĞĚ ďǇ ŚƐƉϳϬ ĂŶĚ ĚĞŐƌĂĚĞĚ ŝŶ Ă ƉƌĞͲ'ŽůŐŝ
ŶŽŶůǇƐŽƐŽŵĂůĐŽŵƉĂƌƚŵĞŶƚ͘WƌŽĐEĂƚůĐĂĚ^Đŝh^ϵϬ͕ϵϰϴϬͲϵϰϴϰ͘








ǀĞƌĞĨĨ͕s͘s͕͘ &ĂƌƵŬŝ͕,͕͘ ĚǁĂƌĚƐ͕D͕͘ ĂŶĚ &ƌŝĞĚŵĂŶ͕<͘:͘ ;ϮϬϭϰͿ͘ ǇƐƚŝĐ ĨŝďƌŽƐŝƐ ĐĂƌƌŝĞƌ ƐĐƌĞĞŶŝŶŐ ŝŶ Ă
EŽƌƚŚŵĞƌŝĐĂŶƉŽƉƵůĂƚŝŽŶ͘'ĞŶĞƚDĞĚϭϲ͕ϱϯϵͲϱϰϲ͘





































ůƵŶŐ ĞƉŝƚŚĞůŝĂů ĐĞůůƐ ƚƌĂŶƐĚƵĐĞĚ ďǇ ƚŚĞ ĂĚĞŶŽǀŝƌĂů ǀĞĐƚŽƌ ĚϱͲ'&WͲ&dZ ƚŽ ŽǀĞƌĞǆƉƌĞƐƐ ƚŚĞ ĨƵƐŝŽŶ
ĞǆŽŐĞŶŽƵƐ ƉƌŽƚĞŝŶ '&WͲ&dZ͘ tĞ ƐŚŽǁ ƚŚĂƚ sƐ ƉƌŽĚƵĐĞĚ ďǇ ƚŚĞƐĞ ĐĞůůƐ ĐŽƵůĚ ƚƌĂŶƐĨĞƌ Ă ŶĞǁ
ĨƵŶĐƚŝŽŶĂůŝƚǇƚŽ&ϭϱƚĂƌŐĞƚĐĞůůƐĐĂƌƌǇŝŶŐƚŚĞ&dZĚĞůƚĂ&ϱϬϴŵƵƚĂƚŝŽŶĂŶĚƚŚĞƚƌĂŶƐĨĞƌƐĞĞŵƐƚŽďĞ
ŵŽƌĞĞĨĨŝĐŝĞŶƚŝŶĂŚŽŵŽůŽŐŽƵƐĐĞůůƐǇƐƚĞŵǀĞƌƐƵƐĂŚĞƚĞƌŽůŽŐŽƵƐƐǇƐƚĞŵ͘/ŶƚĞƌĞƐƚŝŶŐůǇ͕ƚŚĞĞǆŽƐŽŵĞƐ
ƐĞĞŵƚŽďĞŵŽƌĞĞĨĨŝĐŝĞŶƚŝŶ&dZƚƌĂŶƐĨĞƌƚŚĂŶƚŚĞŵŝĐƌŽǀĞƐŝĐůĞƐ͘ƐƚƵĚǇŽĨƚŚĞŵĞĐŚĂŶŝƐŵŽĨsƐ
ĐĞůůƵůĂƌƵƉƚĂŬĞƐŚŽǁƚŚĂƚŝƚŝƐƚĞŵƉĞƌĂƚƵƌĞĚĞƉĞŶĚĞŶƚĂŶĚƚŚĂƚĞŶĚŽĐǇƚŽƐŝƐĂŶĚŵĂĐƌŽƉŝŶŽĐǇƚŽƐŝƐĂƌĞ
ŝŵƉůŝĐĂƚĞĚ͘ŽůůĞĐƚŝǀĞůǇ͕ƚŚŝƐƐƚƵĚǇĚĞŵŽŶƐƚƌĂƚĞƐƚŚĞƉŽƚĞŶƚŝĂůĂƉƉůŝĐĂƚŝŽŶŽĨsƐĨŽƌ&dZƚƌĂŶƐĨĞƌĂŶĚ
ĨƵŶĐƚŝŽŶĂůĐŽƌƌĞĐƚŝŽŶŽĨƚŚĞŐĞŶĞƚŝĐĚĞĨĞĐƚŝŶŚƵŵĂŶ&ĐĞůůƐ͘


DISCIPLINES : ^ĐŝĞŶĐĞƐĚĞůĂǀŝĞ͕ďŝŽůŽŐŝĞ͕ƐĂŶƚĠ


DŽƚƐĐůĠƐ͗ŵƵĐŽǀŝƐĐŝĚŽƐĞ͕ǀĠƐŝĐƵůĞƐĞǆƚƌĂĐĞůůƵůĂŝƌĞƐ͕ŵŝĐƌŽǀĠƐŝĐƵůĞƐ͕ĞǆŽƐŽŵĞƐ͕ďŝŽƚŚĠƌĂƉŝĞ
<ĞǇǁŽƌĚƐ͗ĐǇƐƚŝĐĨŝďƌŽƐŝƐ͕ĞǆƚƌĂĐĞůůƵůĂƌǀĞƐŝĐůĞƐ͕ŵŝĐƌŽǀĞƐŝĐůĞƐ͕ĞǆŽƐŽŵĞƐ͕ďŝŽƚŚĞƌĂƉǇ


hDZϳϱϰh>ƋƵŝƉĞZŽŶĨŽƌƚͲϱϬ͕ĂǀĞŶƵĞdŽŶǇ'ĂƌŶŝĞƌϲϵϯϲϲ>ǇŽŶĐĞĚĞǆϬϳ
hDZϱϬϴϲ/WƋƵŝƉĞŝWŝĞƚƌŽͲϳ͕ƉĂƐƐĂŐĞĚƵsĞƌĐŽƌƐϲϵϯϲϳ>ǇŽŶĐĞĚĞǆϬϳ
